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Ce mémoire visait à déterminer les pratiques et les facteurs favorables au succès des 
réintroductions du carex faux-lupulina (Carex lupuliformis), une espèce vivace menacée 
poussant dans divers types de milieux humides ouverts du nord-est de l’Amérique du Nord. 
Pour répondre à cet objectif, des expériences de germination en serres ont été réalisées, et la 
survie, la vigueur et le microhabitat de chaque plant de carex faux-lupulina connu au Québec 
(sauvage ou réintroduit) ont été mesurés. Nos résultats montrent que le carex faux-lupulina est 
une espèce facile à propager ex situ. Une stratification froide (4°C) des semences dans du 
sable humide pendant un mois induit des taux de germination élevés. Nos résultats montrent 
également que des pucerons exotiques, ainsi qu’une transplantation dans des habitats inadaptés 
aux besoins de l’espèce en termes d’humidité du sol et de lumière disponible, ont causé la 
mort prématurée d’un grand nombre de transplants. Notre programme de réintroduction a 
permis d’établir une nouvelle population de l’espèce au Québec, et a potentiellement permis 
de sextupler la taille des populations de la province. Globalement, cette étude a permis de 
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This study aimed to determine the practices and factors influencing the success of the 
reintroductions of false hop sedge, an endangered perennial species growing in North 
American open wetlands. To do so, germination experiments were performed, and the 
survival, vigour and microhabitat of each false hop sedge plant known in Québec (wild or 
reintroduced) were measured. Our results show that false hop sedge is easy to propagate ex 
situ. A cold stratification (4°C) of seeds in wet sand for one month induced higher germination 
rates. Our results also show that exotic aphids, as well as a transplantation in habitats that did 
not meet the false hop sedge requirements in terms of soil moisture and available light, caused 
the premature death of many transplants. Our reintroduction program allowed the 
establishment of at least one new false hop sedge population in Québec, and potentially 
contributed to sextupling the size of the provincial population. Overall, this study allowed us 
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Contexte du projet et rôle de l’auteure du mémoire 
 
Chapeauté depuis les tous débuts par Stéphanie Pellerin, le programme québécois de 
conservation du carex faux-lupulina a débuté en 2006 avec les premiers essais de 
réintroduction de carex faux-lupulina au Québec. D’autres essais de réintroductions ont par la 
suite eu lieu chaque année jusqu’en 2010, et des tests de germination visant à déterminer les 
meilleures méthodes de conservation l’espèce ont été mis en place en 2008. Chaque année 
depuis 2007, la vigueur des transplants et des plants naturelle était évaluée, et ainsi au fil du 
temps une quantité appréciable de données se sont accumulées.  
 En 2012, lorsque que je l’ai approchée dans l’espoir de faire une maîtrise sous sa 
direction, Stéphanie Pellerin m’a suggéré de compléter et d’analyser ces données, notamment 
dans le but d’expliquer la mort rapide d’un grand nombre de transplants. Bien que le 
micro-habitat des transplants réintroduits en 2006 ait été décrit en 2007, aucune variable 
explicative n’avait été formellement mesurée ni sur les transplants réintroduits entre 2007 et 
2010, ni sur les plants sauvages. Le projet impliquait donc de poursuivre l’évaluation annuelle 
de la vigueur des transplants et des plants sauvages, mais aussi de récolter les données 
nécessaires à la description de leur micro-habitat.  
 Ainsi, lors du premier été de ma maîtrise en 2014, j’ai poursuivi l’évaluation de la 
vigueur des transplants et des plants sauvages de carex faux-lupulina du Québec. J’ai 
également décrit le micro-habitat des transplants toujours vivants et des plants sauvages 
connus à l’époque. J’ai aussi mis en place une expérience de germination sur le terrain 
(Annexe F). Au terme de cette saison, j’avais trouvé et marqué près d’une centaine de 
nouveaux plants de carex faux-lupulina sur les sites sauvages et de réintroduction, mais leur 
découverte avait été trop tardive pour décrire leur micro-habitat.  
 À l’hiver 2015, j’ai mis en place des expériences de germination en serres pour tenter 
d’évaluer la quantité de lumière (Chapitre 2) et le type de substrat (Annexe F) optimaux à la 
germination du carex faux-lupulina. Ces expériences venaient s’ajouter à celles de 2008 visant 
à déterminer les meilleures méthodes de conservation de l’espèce (Chapitre 2), menées 
principalement par Jacinthe Letendre, mais dont les résultats n’avaient pas encore été 
formellement analysés.  
	 xii	
 À l’été 2015, après avoir complété des analyses préliminaires qui m’ont laissé croire 
qu’il me faudrait plus de données pour obtenir des résultats fiables, j’ai décrit l’environnement 
physique de chaque transplant réintroduit depuis 2006, et ce, bien qu’une majorité d’entre eux 
étaient morts depuis plusieurs années. Les mêmes mesures ont été prises sur les plants 
sauvages, cette fois-ci en incluant tous les nouveaux plants trouvés en 2014 et (si trouvés assez 
tôt) en 2015. Au terme de la saison, assez de nouveaux plants avaient été trouvés pour 
sextupler le nombre de plants sauvages de carex faux-lupulina connus au Québec (Chapitre 3).  
 Ainsi, bien que je n’aie pas été impliquée dans le projet avant 2014, j’ai récolté une 
grande quantité de données qui ont permis de compléter et d’analyser celles qui m’avaient été 
confiées (soit les mesures de vigueur des transplants et des plants sauvages entre 2007 et 2013 
inclusivement, la description du micro-habitat des transplants réintroduits depuis 2006, de 
même que les résultats du test de germination de 2008). J’ai performé l’ensemble des analyses 
décrites dans le présent mémoire et, avec l’aide de ma directrice de recherche, mis en place et 
mené à terme trois expériences de germination.   
Chapitre 1 : Introduction générale 	
La pression grandissante exercée sur la biodiversité mondiale par la croissance rapide de la 
population humaine et de ses besoins en ressources naturelles a provoqué une véritable crise 
de la biodiversité, d’où un nombre grandissant d’espèces et d’écosystèmes menacés (Gilbert 
2010, McGill et al. 2015). Dans un tel contexte, il devient urgent de mettre en place des 
actions concrètes qui freineraient cette perte de biodiversité. À cet effet, lorsque la protection 
efficace de l’habitat d’une espèce menacée n’est pas possible, les réintroductions (i.e., 
l’établissement de nouvelles populations là où une espèce s’est trouvée par le passé ou 
l’augmentation des effectifs des populations en péril) sont considérées comme un outil de 
conservation d’importance majeure (Godefroid & Vanderborght 2011, Guerrant 2012). 
Le carex faux-lupulina (Carex lupuliformis Sartwell ex Dewey; Annexe A) est une 
espèce vivace poussant dans divers types de milieux humides ouverts du nord-est de 
l’Amérique du Nord. Au Canada, cette espèce est désignée en voie de disparition en raison de 
la dégradation de son habitat (COSEWIC 2011). Considérant les menaces pesant sur cette 
espèce, un programme de rétablissement incluant des pratiques de réintroduction a été mis en 
place au Québec en 2006 (Bachand-Lavallée & Pellerin 2006, Environment Canada 2014). Or 
en 2013, soit au commencement du projet présenté dans ce mémoire, seulement 8 % des 600 
transplants avaient survécu, et le taux de survie variait considérablement selon les sites de 
transplantation (de 0 à 59 %; Pellerin 2014). Comme la culture en serre du carex faux-lupulina 
est relativement aisée, l’hypothèse que des facteurs environnementaux seraient responsables 
de ce haut taux de mortalité in situ des transplants a été émise.  
Dans ce contexte, ce mémoire vise à déterminer les pratiques et facteurs favorables au 
succès des réintroductions du carex faux-lupulina. Dans ce chapitre, les réintroductions en tant 
qu’outil de conservation seront présentées, avec une emphase particulière sur quelques aspects 
plus directement liés aux incertitudes associées aux réintroductions du carex faux-lupulina. 
Enfin, l’espèce sera décrite plus en détails en termes de répartition, d’habitat, de biologie et de 
statut de conservation.  
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1.1 Les réintroductions 
Dans une optique de conservation, de nombreux plans de réintroduction ont été initiés depuis 
les années 1990 (Godefroid et al. 2011, Maschinski & Haskins 2012). Cette discipline visant à 
établir de nouvelles populations là où une espèce s’est trouvée par le passé (i.e. réintroductions 
sensu stricto) ou à augmenter les effectifs des populations en péril (i.e. augmentations), permet 
entre autres de diminuer les risques génétiques liés à un faible nombre d’individus 
reproducteurs (Neil 2012) et d’augmenter les chances de reproduction entre individus éloignés 
(Albrecht & Maschinski 2012). Cette méthode est donc toute désignée dans le cadre de la 
protection d’espèces en déclin réparties en de petites populations.  
Toutefois, en plus d’être coûteuses autant en temps qu’en ressources financières 
(Gorbunov et al. 2008), les réintroductions sont considérées risquées entre autre en raison de 
l’incertitude qui demeure face à la meilleure méthodologie à adopter pour une majorité 
d’espèces (Aguraiuja 2011, Dalrymphe et al. 2012). De ce fait, le taux de succès des 
réintroductions est en général très bas (Godefroid et al. 2011). En effet, selon Godefroid et al. 
(2011) qui ont analysé les résultats de 249 essais de réintroduction à travers le monde, les taux 
moyens de survie après un an étaient de 52 %, les taux de floraison et de fructification après 
deux ans étaient respectivement de 19 % et de 16 %, et peu ou aucun recrutement n’avait été 
trouvé. Ainsi, malgré la fructification de plants, le recrutement d’une nouvelle génération 
nécessaire à la persistance d’une population n’est pas garanti (Primack 2011). De plus, une 
tendance à la baisse a été observée, les taux de survie et de fructification diminuant à 6 % 
après quatre ans.  
En réponse à ces fréquents échecs, un grand nombre de mises en garde et de 
recommandations ont été formulées (e.g., Godefroid et al. 2011, Maschinski & Haskin 2012). 
Globalement, il a été proposé de mettre en place des études scientifiques ou observationnelles 
parallèles aux essais de réintroduction dans le but de mieux comprendre les facteurs 
influençant leur succès (Kaye 2008, Menges 2008, Maschinski et al. 2012a). Plusieurs aspects 
de la biologie d’une espèce peuvent être mal compris et faire l’objet de telles études, mais 
pour la présente recherche, deux sont particulièrement pertinents : la production des 
propagules (définies dans le cadre de réintroductions comme le matériel biologique utilisé 
pour la propagation in situ d’une espèce) et le choix des sites de réintroduction. De façon 
connexe, de nombreuses lacunes ont été soulevées dans la façon actuelle de pratiquer les 
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réintroductions. Par exemple, la durée des suivis des populations et l’évaluation du succès des 
programmes de réintroduction sont souvent inadéquates (Godefroid et al. 2011). La 
problématique liée à ces aspects sera détaillée dans les sections qui suivent.  
 
1.1.1 Production ex situ des transplants 
Dans le cadre de pratiques de réintroduction, il est généralement admis que l’utilisation de 
propagules adultes permet de plus hauts taux d’établissement que l’utilisation de semences ou 
de plantules (Albrecht & Maschinski 2012). Entre autres, les propagules adultes peuvent être 
directement transplantées dans des microhabitats considérés adéquats pour l’espèce, et se 
reproduiront plus rapidement que des semences ou des plantules (Albrecht & Maschinski 
2012). Toutefois, leur production est plus coûteuse et nécessite la croissance de semences ou 
de boutures jusqu’à leur taille adulte (Albrecht & Maschinski 2012). Or, cette étape peut être 
compliquée non seulement parce que les facteurs permettant la germination optimale de 
nombreuses espèces menacées sont méconnus (Schütz 2000, Baskin & Baskin 2001), mais 
également parce que les programmes de réintroduction ne disposent communément que de 
ressources et d’infrastructures limitées (Albrecht & Maschinski 2012, Maschinski et al. 
2012a).  
Les facteurs permettant la germination optimale des espèces sont généralement 
déterminés grâce à des tests de germination en milieu contrôlé. Or, parce que les programmes 
de réintroduction possèdent généralement des ressources limitées (Albrecht & Maschinski 
2012, Maschinski et al. 2012a), des protocoles de germination plus flexibles et pratiques – 
quoique toujours raisonnablement efficaces – leur seraient plus utiles. Par exemple, puisque 
peu d’organismes de conservation possèdent assez de chambres de germination pour propager 
des centaines de plants en vue d’essais de réintroduction, les semences devront être mises à 
croître en serres ou à l’extérieur. De ce fait, les conditions de germination ne pourront pas être 
parfaitement contrôlées. Aussi, pour permettre aux semis de croître jusqu’à une taille adulte, 
les semences devront être semées sur du terreau, alors que l’agar – plus homogène – est 
généralement utilisé comme substrat lors de tests de germination en milieu contrôlé (Baskin & 
Baskin 2001). De plus, dans les tests de germination en milieu contrôlé, il est commun que 
seulement les conditions permettant des taux de germination optimaux soient étudiées. Or, 
lorsque les ressources sont limitées, la vitesse de germination est un élément intéressant à 
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considérer, et les facteurs qui la stimulent peuvent être différents des facteurs permettant de 
hauts taux de germination. Par exemple, la stratification et la scarification des semences 
pourraient ne pas être nécessaires pour obtenir de hauts taux de germination, mais pourraient 
permettre une germination plus rapide (Schütz & Rave 1999, Schütz 2000). 
 
1.1.2 Choix des sites de réintroduction  
Le manque généralisé de connaissances sur les besoins des espèces à réintroduire se reflète 
également dans le choix des sites de réintroduction (Maschinski et al. 2012a). En plus de 
devoir connaître l’habitat de l’espèce à réintroduire à une échelle grossière (Maschinski et al. 
2012a), il faut connaître avec précision ses préférences au niveau du microhabitat (Renison et 
al. 2005), qui peut varier sur aussi peu qu’un mètre carré (Wendelberger & Maschinski 2009).  
Or, lorsqu’on ne retrouve plus que quelques individus d’une espèce ou lorsque celle-ci 
est éteinte en tout ou en partie de son aire de répartition – précisément le contexte dans lequel 
de nombreux programmes de réintroduction prennent place – il devient ardu, voire impossible, 
de cerner avec précision le type d’habitat qui permettrait sa survie et sa vigueur (Maschinski et 
al. 2012a). En effet, les quelques plants restants pourraient tout simplement ne pas être 
représentatifs de leur espèce. Il est également possible que les conditions nécessaires à la 
germination diffèrent de celles favorables à la survie et à la vigueur des plants adultes 
(Maschinski et al. 2012a). De même, si les populations d’une espèce sont en déclin, il ne peut 
être conclu que les sites qu’elle habite sont toujours adaptés à ses besoins (Maschinski et al. 
2012a). Par exemple, Maschinski et Duquesnel (2007) n’ont pu réintroduire le palmier 
Pseudophoenix sargentii que dans un seul des deux sites historiques connus de l’espèce aux 
États-Unis, peut-être en raison de changements de topologie dans certains sites au cours des 
deux décennies précédant leurs essais de réintroduction. Dans une telle situation, la 
recommandation de mettre en place des expériences scientifiques ou observationnelles pour 
déterminer les besoins réels d’une espèce rare ou éteinte en nature se doit d’être soulignée 
(Kaye 2008, Menges 2008, Maschinski et al. 2012a).  
 
1.1.3 Durée des suivis et évaluation du succès 
Le design d’une majorité de programmes de réintroduction comporte des lacunes qui ne 
peuvent être expliquées par le manque de connaissance sur les espèces qu’ils visent à 
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réintroduire (Godefroid et al. 2011, Maschinski & Haskins 2012). Par exemple, la durée des 
suivis de ces programmes est généralement trop brève : alors qu’il a été recommandé de 
poursuivre les suivis pendant au moins dix ans ou trois générations (Westwood et al. 2014), 
les programmes ne prévoient que rarement un suivi des populations réintroduites au-delà de 
quatre ans (Godefroid et al. 2011). Or, un suivi trop court implique entre autres qu’il sera 
impossible d’évaluer de façon fiable le succès des réintroductions (Westwood et al. 2014), 
notamment en matière de recrutement et d’établissement de populations viables.  
D’autre part, Pavlik (1996) fait la distinction entre le succès biologique d’un 
programme de réintroduction et son succès en tant que projet : alors que le premier est reconnu 
lorsque la survie à long terme de l’espèce concernée est assurée, le second a trait aux 
méthodes et aux protocoles qui permettront d’atteindre ce succès biologique. Dans la plupart 
des programmes de réintroduction, trop peu d’éléments sont mesurés ou considérés pour 
évaluer avec certitude ni l’un, ni l’autre des types de succès. Par exemple, l’évaluation du 
succès biologique est généralement fondé sur la survie, la croissance et la fécondité des 
propagules de première génération (Menges 2008, Monks et al. 2012), mais rarement sur la 
complétion du cycle de vie via le recrutement de nouvelles générations, considérée comme un 
élément clé dans l’évaluation du succès biologique (Monks et al. 2012). De plus, la plupart des 
programmes de réintroduction basent leur évaluation sur la vigueur et la survie des transplants 
sans les comparer à celles des populations sauvages (i.e., populations naturellement établies ; 
Menges 2008). Dans un même ordre d’idée, très peu de programmes de réintroduction peuvent 
déterminer avec assurance les facteurs ayant causé la mort des transplants ou l’absence de 
recrutement lors de leurs essais (Godefroid et al. 2011, Drayton & Primack 2012). 
L’hypothèse que des facteurs liés à un habitat inadapté sont en cause est souvent émise, mais 
peu de programmes les mesurent clairement et analysent statistiquement leurs effets (Kaye 
2008, Drayton & Primack 2012).  Pourtant, cerner les facteurs ayant causé la mort des 
transplants constitue un critère important dans l’évaluation du succès d’un programme de 
réintroduction en tant que projet, car les méthodes et protocoles pour la réintroduction de 





1.2 Le carex faux-lupulina 
Le carex faux-lupulina est une espèce de Cyperaceae vivace et cespiteuse pouvant atteindre 50 
à 130 cm de hauteur et dont les touffes se composent habituellement de 5 à 30 tiges 
(COSEWIC 2011; Annexe A). Il est fortement apparenté au carex lupulina (C. lupulina Muhl. 
Ex Willd.) autant morphologiquement que dans l’habitat qu’il occupe (COSEWIC 2011). 
Seules des protubérances saillantes sur les achaines du carex faux-lupulina permettent de 
différencier à coup sûr les deux espèces (Reznicek & Ball 1974; Fig. A3, Annexe A). Celles-ci 
ne peuvent donc être distinguées que lorsqu’elles possèdent des fruits matures. Il existe 
toutefois d’autres différences entre les deux espèces : par exemple, lorsque comparé au carex 
lupulina, le carex faux-lupulina serait morphologiquement moins variable (tendance à être plus 
vigoureux; Reznicek & Ball 1974), sa tolérance écologique serait plus restreinte (croissance 
exclusivement dans les milieux humides, alors que le carex lupulina peut se trouver en milieu 
forestier; Reznicek & Ball 1974), ses périgynes seraint moins ascendants (Reznicek & Ball 
1974), et il atteindrait la maturité plus tard en saison (Thomspon & Paris 2004). Malgré la 
forte ressemblance entre les deux taxons, presque tous les botanistes élèvent le carex faux-
lupulina au rang d’espèce (Reznicek & Ball 1974, Ostlie 1990, Reznicek 2002). Cette décision 
est entre autres appuyée par un nombre chromosomique plus élevé chez C. lupuliformis que 
chez C. lupulina (2n = 60 chez C. lupuliformis, et 2n = 56 chez C. lupulina; Reznicek & Ball 
1974).  
 
1.2.1 Répartition et habitat 
L’espèce est présente de façon sporadique dans tout l’est de l’Amérique du Nord (Reznicek 
2002, NatureServe 2015; Fig. 1). Son aire de répartition s’étend d’est en ouest depuis le 
Wisconsin jusqu’au Vermont, et du nord au sud depuis l’extrême sud du Québec et de 
l’Ontario jusqu’à la Floride et le Texas (Reznicek 2002). Bien que ses populations semblent 





Fig. 1. Aire de répartition mondiale du carex faux-lupulina (figure tirée de COSEWIC 2011) 
 
L’habitat typique du carex faux-lupulina comprend des milieux humides relativement 
ouverts sujets à des inondations périodiques (Thompson & Paris 2004, Hill 2006, COSEWIC 
2011). En Ontario, l’espèce occupe surtout des étangs éphémères printaniers, des petites mares 
ou des marais qui ne sont pas nécessairement à proximité de cours d’eau naturels (COSEWIC 
2011). Au Québec, il pousse généralement à la marge ou dans les ouvertures d’érablières 
argentées marécageuses riveraines, jamais à plus de 15 mètres d’un cours d’eau (Jolicoeur & 
Couillard 2006). Bien que l’espèce semble préférer un pH élevé, le sol de certains sites des 
États-Unis est plutôt acide (Searcy et al. 2003, Thompson & Paris 2004). Il semblerait 
également que l’ouverture nécessaire à la survie du carex faux-lupulina soit maintenue grâce à 
l’érosion des berges par la glace (COSEWIC 2011).  
 
1.2.2 Biologie et germination 
Il existe peu d’information sur biologie du carex faux-lupulina. On sait toutefois qu’il peut se 
reproduire autant de façon sexuelle que de façon végétative (Jolicoeur & Couillard 2006). La 
germination a lieu au printemps, et l’émergence à la fin mai, avant l’assèchement des sites 
	 8	
(Ostlie 1990). Au Québec, la floraison a lieu de la mi-juin à la fin août, et suite à une 
pollinisation par le vent, la fructification suivra entre juillet et octobre (Ostlie 1990, 
COSEWIC 2011). Dans des conditions adéquates, les individus peuvent se reproduire dès leur 
première année (COSEWIC 2011). Les fruits, des achaines, atteindront la maturité entre début 
septembre et mi-octobre, et pourront être dispersés dès la mi-septembre (Heiniger 2007, 
COSEWIC 2011). Ces fruits auraient une grande longévité et se conserveraient dans le sol 
plusieurs années, formant ainsi un réservoir naturel de graines (Thompson & Paris 2004, 
Pellerin 2013). Leur viabilité ne serait pas un facteur limitatif au recrutement de l’espèce (Hill 
2006, Kew 2015). Toutefois,  les perturbations des couches supérieures de sol seraient 
essentielles à la germination de ces semences, qui ne tolèrent pas l’ombre (Thompson & Paris 
2004).  
 
1.2.3 Statut de conservation  
Au Canada, 21 populations sauvages (i.e., établies sans intervention humaine directe) de carex 
faux-lupulina sont connues en Ontario et au Québec, qui constituent l’extrême nord de son aire 
de répartition (COSEWIC 2011). Toutefois, en 2015, seulement 11 populations existaient 
toujours (dont 4 au Québec : Lacolle, Baie McGillivray, Réserve écologique Marcel-Raymond 
et Saint-Paul-de-l’Île-aux-Noix; pour plus d’information voir le Tableau 1 du chapitre 3). Au 
Québec, les populations sauvages sont toutes situées aux abords de la rivière Richelieu sur un 
tronçon d’environ 15 km (COSEWIC 2011). À ces populations sauvages, s’ajoutent trois 
populations réintroduites (Saint-Anne-de-Sabrevois, Saint-Blaise-sur-Richelieu, Grande Baie 
d’Oka), et une population issue de la reproduction de plants réintroduits à Saint-Blaise-sur-
Richelieu (pour plus d’information voir le Tableau 2 du chapitre 3). 
En 2013, soit au commencement du projet présenté dans ce mémoire, on dénombrait 
29 plants sauvages de carex faux-lupulina au Québec (Pellerin 2014). Bien que la découverte 
de nouveaux individus ait permis au nombre total de plants sauvages de rester relativement 
stable entre 2005 et 2013, seuls trois des 25 plants identifiés en 2005 étaient toujours vivants 
en 2013 (12 %; Pellerin 2014).  
Plusieurs facteurs ont mené au déclin des populations du carex faux-lupulina, et 
concordent généralement avec les éléments qui menacent la plupart des milieux humides. 
Dans le rapport d’évaluation du COSEWIC (2011), dix menaces ont été cernées. Y figurent 
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notamment les inondations tardives ou prolongées, qui peuvent provoquer la pourriture des 
tiges florifères ou fructifères, la fermeture du couvert végétal, ainsi que l’envahissement par 
des espèces végétales exotiques telles que l’alpiste roseau (Phalaris arundinacea), la glycérie 
élevée (Glyceria maxima) et le nerprun cathartique (Rhamnus cathartica), qui font 
compétition au carex pour la lumière et qui créent parfois un obstacle physique à la dispersion 
des semences par la bande de végétation dense qu’ils peuvent former entre les carex et l’eau 
libre. Un puceron exotique (Ceruraphis eriophori), qui peut tuer prématurément les plants 
lorsqu’il les attaque, est également pointé du doigt. Les populations situées le long de la 
rivière Richelieu sont localement menacées par l’érosion des berges. S’ajoutent à ces menaces 
la présence de déchets déposés par les crues printanières, qui peuvent recouvrir des individus. 
Finalement, la régularisation du régime des eaux par la construction de barrages (notamment 
celui de Carillon, sur la rivière des Outaouais) aurait causé la disparition de certaines 
populations en limitant la fluctuation des niveaux d’eau. 
 
1.3 Objectifs de l’étude  
L’objectif général de cette étude est de déterminer les pratiques et facteurs favorables au 
succès des réintroductions du carex faux-lupulina. Les objectifs spécifiques du mémoire sont 
de :  
 
1) Déterminer les meilleures pratiques pour une germination ex situ efficace du carex 
faux-lupulina. 
2) Déterminer quels facteurs environnementaux, notamment au niveau du microhabitat, 
ont influencé la survie et la vigueur des transplants réintroduits de l’espèce. 
3) Évaluer le succès du programme de réintroduction de l’espèce. 
 
Les résultats permettront de comprendre et d’améliorer les pratiques de réintroduction pour 
l’espèce, et de parfaire nos connaissances sur ses besoins écologiques.  
 
1.4 Organisation du mémoire 
Le corps du mémoire est constitué de quatre chapitres, dont deux rédigés sous forme d’articles 
scientifiques. Le premier chapitre présente une mise en contexte détaillée. Le second explore 
sous un angle pratique les techniques de germination ex situ pour le carex faux-lupulina. Le 
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troisième présente les facteurs environnementaux contribuant à la survie et à la vigueur des 
transplants réintroduits. Ce chapitre comprend également une évaluation du succès du 
programme de réintroduction du carex faux-lupulina. Finalement, le quatrième présente une 
conclusion générale au mémoire. 
Le chapitre 2 sera soumis pour publication dans Écoscience, alors que le chapitre 3 
sera soumis pour publication dans Biological Conservation. Les auteurs sont, dans l’ordre : 
Annabelle Langlois, Jacinthe Letendre (chapitre 2 uniquement) et Stéphanie Pellerin. La 
première auteure a effectué l’échantillonnage sur le terrain en 2014 et 2015, le traitement et 
l’analyse des données, ainsi que la rédaction du présent mémoire. Stéphanie Pellerin a élaboré 
la problématique, supervisé le projet, et corrigé et commenté le présent manuscrit. Jacinthe 
Letendre a effectué l’échantillonnage des expérimentations de germination de 2008-2009 et 




Chapitre 2 : Simple germination protocol for the ex situ propagation of 
the endangered false hop sedge 	
Auteurs : Annabelle Langlois, Jacinthe Letendre et Stéphanie Pellerin 
Article en préparation pour soumission à Écoscience 
 
2.1 Introduction 
Reintroduction of endangered plant species is an increasingly popular conservation practice 
(Godefroid & Vanderborght 2011, Maschinski & Haskins 2012). This strategy aims to 
establish new populations on sites where a native species was previously present or to 
supplement existing populations (Maschinski & Haskins 2012). Despite the fact that the 
practice is now widely used in conservation of endangered native plants, the success rates are 
generally low (Godefroid & Vanderborght 2011). For instance, an analysis of 249 plant 
species reintroductions worldwide by Godefroid et al. (2011) reported average survival after 
one year of 52 %, average flowering and fruiting rates after two years of respectively 19 % 
and 16 %, and no or only sporadic recruitment. The same study also reported a downward 
trend over time, as average flowering and fruiting rates decreased to 6 % after four years. A 
major source of failure in reintroduction programs is the lack of adequate knowledge 
concerning the biology of the species to be reintroduced (Aguraiuja 2011).  
In order to determine the best practices to adopt for the reintroduction of a given 
species and thus increase the chances of success of future reintroduction trials, it has been 
recommended to include experimental or observational studies to the design of reintroduction 
programs (Kaye 2008, Menges 2008, Maschinski et al. 2012a). Such experiments can be 
useful to clarify many uncertain aspects of a reintroduction protocol, for instance the type of 
propagules to be used (defined, in the context of reintroductions, as the biological material 
used for the in situ propagation of a species) and the complementary propagation protocol to 
be adopted. It is now generally recommended to use adult size propagules, as it results in 
higher establishment rates (Albrecht & Maschinski 2012). Additionally, adult size propagules 
can be outplanted directly into microhabitats considered adequate for the species and will 
produce fruits faster than seeds or seedlings (Albrecht & Maschinski 2012). However, they are 
more expensive to produce than the direct use of seeds as propagules, and require that seeds 
have to be grown to their adult size (Albrecht & Maschinski 2012). This step can be 
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challenging not only because little is known on the germination requirements of many 
endangered species (Schütz 2000; Baskin & Baskin 2001), but also because resources and 
infrastructures are commonly limited in reintroduction programs (Albrecht & Maschinski 
2012, Maschinski et al. 2012a). 
For some species, germination requirements are known from controlled environment 
experiments. However, because reintroduction programs generally have limited resources 
(Albrecht & Maschinski 2012, Maschinski et al. 2012a), they need more flexible, practical and 
labor-saving – yet still reasonably effective – germination protocols. For instance, because few 
agencies possess enough germination chambers to propagate hundreds of individuals in view 
of reintroduction trials, seeds will have to be grown in greenhouses or outside. Thus, 
germination conditions will not be perfectly controlled. Also, to allow seedlings growth to 
adult size, seeds will have to be sown on soil, which is more heterogeneous than the agar 
generally used for germination tests (Baskin & Baskin 2001). Additionally, only the 
conditions allowing optimal germination rates are usually investigated in controlled 
environment germination tests. Yet, germination speed is also of great importance when 
resources are limited, and factors promoting it might be different from the ones promoting 
high germination rates. For instance, stratification and scarification of seeds might not be 
necessary to obtain high germination rates, but might allow faster germination (Schütz & Rave 
1999, Schütz 2000). 
In Québec, reintroductions of adult individuals have been performed between 2006 and 
2010 for the false hop sedge (Carex lupuliformis Sartwell ex Dewey), a highly endangered 
Carex species that grows in seasonally flooded wetlands across North America (Hill 2006, 
COSEWIC 2011, Environment Canada 2014, NatureServe 2015). Some of false hop sedge 
germination requirements are already known: germination tests in controlled environment 
have shown that 100% of false hop sedge seeds from Québec can germinate when they are 
sown on 1% agar at 25°C during the day (8 hours) and 10°C during the night (16 hours; Kew 
2015). Other requirements are presumed based on the requirements of related species. For 
instance, as cold stratification is generally not an absolute necessity in Carices (Kew 2015), it 
is thought that the false hop sedge will be able to germinate without it. Finally, some false hop 
sedge germination requirements are known, but lack precision: false hop sedge needs high 
luminosity to germinate (Thompson & Paris 2004), but to our knowledge this requirement was 
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never quantified. Thus, the best practical germination protocol to adopt in the context of 
reintroduction trials remains to be determined.  
In this work, we investigated the possibility to make false hop sedge seeds germinate to 
high rates in semi-controlled ex situ conditions similar to the ones used by conservationists to 
propagate an endangered species in view of reintroduction trials. More specifically, we aimed 
to determine which simple stratification technique allows higher and/or faster germination 
rates, if scarification speeds up the germination process, and which light intensity allows 
higher and/or faster germinations rates.  
 
2.2 Material and methods 
2.2.1 Stratification and scarification 
In September 2008, 1200 mature fruits (consisting of a nutlet and a perigynium; hereafter 
referred to as seeds) were collected from three false hop sedge individuals grown at the 
Montreal Botanical Garden (Québec, Canada). These individuals were grown from seeds 
collected in 2005 on three wild (i.e., naturally established) individuals originating from a 
single population of nine individuals along the Richelieu River. Seeds collected from few 
individuals have a lower genetic diversity and individuals grown in botanical gardens can have 
a reduced dormancy (Eßlin et al. 2011). Seeds were not collected in wild plants (31) to avoid 
as much as possible impact on wild populations. Seeds were randomly divided into 120 sets of 
ten seeds. They were dried for a period of two days in a paper bag at room temperature prior to 
treatments, to avoid rotting (humidity was still present in the embryo, but there was no surface 
humidity). Seeds were then stored under 12 different conditions (ten sets per condition; Table 
I) considered representative of the stratification methods used by conservation agencies. These 
treatments varied in the duration of cold stratification (0, 1, 5 or 6 months at 4°C) and type of 
storage medium (paper bag, wet sand or plastic bag). In our study, cold stratification does not 
necessarily include that seeds had been kept in a moist environment, which differs from the 
common definition of cold stratification (Baskin & Baskin 2001). Non-stratified seeds (i.e., 
zero months of cold stratification) were kept at room temperature for six months in paper bags. 
A group of untreated seeds sown in a greenhouse immediately after collection was used as 
control. The other groups were sowed in the same greenhouse in February 2009 after their 
respective treatments and complementary time at room temperature in paper bags. The sand 
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used for stratification was sterilized for 30 minutes in an autoclave prior to experiments. 
Storage in wet sand without cold stratification was not tested. One day prior to sowing, all 
seeds were manually removed from their perigynium and five sets of seeds per stratification 
condition were manually scarified with 220 grit sand paper (Baskin & Baskin 2001). The other 
five sets of seeds remained unscarified. 
 
Table I. Code and description of the 12 cold stratification treatments used to promote false hop sedge 
germination. For each treatment, different sets of seeds were also scarified or non-scarified.  
 
Code Treatment 
Fresh Untreated seeds sowed directly after collection 
0plas No stratification - seeds kept at room temperature for 6 months in a plastic bag 
0pap No stratification - seeds kept at room temperature for 6 months in a paper bag 
1plas 1-month cold stratification (4°C) in a plastic bag 
1sand 1-month cold stratification (4°C) in wet sand 
1pap 1-month cold stratification (4°C) in a paper bag 
5plas 5-month cold stratification (4°C) in a plastic bag 
5sand 5-month cold stratification (4°C) in wet sand 
5pap 5-month cold stratification (4°C) in a paper bag 
6plas 6-month cold stratification (4°C) in a plastic bag 
6sand 6-month cold stratification (4°C) in wet sand 
6pap 6-month cold stratification (4°C) in a paper bag 
 
 
A homemade mix composed of bark compost, blond peat moss (one fifth) and sand 
(one sixth) was disinfected in a microwave oven and used as substrate. Sets of ten seeds were 
sowed in trays containing 72 germination cells of approximately 16 cm2 (one set per cell). 
Seeds were sowed on the surface, an equal distance apart, then sprinkled with a thin layer of 
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soil and watered to ensure optimal contact with the substrate. Replicates were divided into five 
randomized blocks of 24 cells (12 storing conditions x two scarification treatments; Appendix 
B-I).  
 
2.2.2 Light intensity 
In September 2014, mature seeds were randomly collected from 20 individuals belonging to 
three wild and two reintroduced populations along the Richelieu River. Seeds were stored in 
plastic bags in darkness at 4°C until the beginning of the experiments in March. Seeds were 
then randomly divided into 90 sets of 40 seeds. 
Photographic 0.15, 0.3 and 0.6 Neutral Density filters (LEE Filters, Burbank, 
California, USA) were used to obtain seven different light intensities (approximately 70 %, 
50	%, 25 %, 12 %, 6 %, 3% and 1 %). These filters reduce light intensity without changing 
wavelengths. Filters were shaped and glued to 70 Petri dishes tops and sides (ten sets per light 
level). Lower light intensities were obtained by combining filters, using up to three layers per 
Petri dish. Two other levels were achieved by keeping Petri dishes intact (100 %) or covering 
their tops and sides with two layers of aluminum foil (0 %).  
A layer of Berger® BM6 soil mix (containing 85 % peat moss and 15 % perlite; Berger 
Peat Moss, Saint-Modeste, Québec) considered thick enough to block light (about 1 cm) was 
placed in each Petri dish. After manually removing all seeds from their perigynium, one set of 
40 seeds was sowed on the surface, all an equal distance apart, in each Petri dish. Ten 
replicates per treatment were divided into five randomised blocks (two paired replicates per 
block).  
Light intensity in the greenhouses was monitored bi-weekly between 11 am and 1 pm 
using a portable HI97500 Lux meter (Hanna Instruments Ltd., Leighton Buzzard, UK). Light 
intensity ranged from about 50 µmol/m2/s to 200 µmol/m2/s with a mean of 150 µmol/m2/s. 
Therefore, at noon on an average day, light intensities tested were approximately 150, 105, 75, 
38, 19, 9, 5, 2 and 0 µmol/m2/s. Seeds from all treatments were briefly exposed to full light 
intensity during sowing and monitoring. Since Carices do not typically respond to light flashes 




2.2.3 Greenhouse conditions and monitoring 
All experiments were conducted in a semi-controlled environment in a greenhouse located at 
the Montreal Botanical Garden. Minimal day- and night-time temperatures were respectively 
18/10°C (February to May) and 4/4°C (September) for the stratification/scarification 
experiment and 20/18°C for the light intensity experiment, following a cycle of 14 hours of 
light for 10 hours of darkness. Mogul Base High Pressure Sodium lamps in the greenhouse 
shut off automatically if luminosity reaches > 600 µmoles/m2/s. Water was provided daily to 
maintain substrate at saturation point. In the stratification/scarification experiment, transparent 
plastic covers were used to avoid rapid desiccation.  
Germination was monitored daily (stratification and scarification experiment) or 
bi-weekly (light intensity) after the initial germination and was considered achieved when 1 
mm of radicle was visible. All germinated seeds from Petri dish experiments were removed 
once they had been monitored, to prevent changes in environmental conditions. Tests were 
terminated after four consecutive days without further germination (i.e. 85 and 41 days 
respectively for stratification/scarification and light intensity experiments), which is short but 
representative of the time limitations most reintroduction programs have to consider. 
 
2.2.4 Statistical analysis 
For each experiment, the effects of different treatments on the number of germinated seeds 
were tested using repeated measures mixed model ANOVAs with blocks considered as a 
random effect. Time was included as a variable in the analysis to investigate potential 
differences in germination speed and pattern between treatments. Since one combination (wet 
sand without cold stratification) was not tested during our stratification experiment, our 
factorial plan (cold stratification duration x storage) was incomplete. Thus, the effect of cold 
stratification itself was tested using contrasts between stratified and non-stratified treatments. 
All 12 stratification treatments could nonetheless be examined to determine their overall effect 
on germination rates. Additionally, a sub-analysis excluding non-stratified treatments was 
conducted to compare the effect of cold stratification duration and storage medium type. 
Tukey’s post-hoc tests were used to identify differences between levels of various factors 
when they were significant (at p < 0.05). Since the scarification treatment included two levels 
only (scarified/unscarified), a Student’s T test was used as a post-hoc test. All statistical 
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analyses were conducted using the JMP-9 software package (version 9.0.1; SAS Institute Inc., 
Cary, North Carolina, USA).  
 
2.3 Results  
2.3.1 Cold stratification 
Final mean germination rates ranged from 0 % to 88 % between stratification treatments 
(Fig. 1), and differed significantly between treatments (F(11, 44) = 22.93, P < 0.0001; Fig. 1; 
complete results in Appendix B-II). The 1-month cold stratification in wet sand resulted in the 
highest mean germination rates (88 %; 1sand), but was not significantly different from 
germination rates associated with 5-month cold stratification in wet sand (70 %; 5sand) and 
6-month cold stratification in a plastic bag (68 %; 6plas). For all stratification durations tested, 
there was no statistical difference between the germination rates obtained by seeds stratified in 
plastic or paper bags and non-stratified seeds (1plas, 5plas, 1pap, 5pap, 6pap, 0plas, 0pap), 
with the exception of seeds stratified for six months in plastic bags (6plas; Fig. 1). Seeds 
stratified in plastic or paper bags and non-stratified seeds germinated to lower (0-28 %) – yet 
not always statistically different – rates than untreated seeds sown directly after collection 
(Fresh; 46 %; Fig. 1). Among seeds stored in paper or plastic bags, only seeds stratified for six 
months in plastic bags (6plas) germinated to somewhat higher rates (67 %) than untreated 
seeds sown directly after collection (Fresh; 46 %; Fig. 1). All seeds stratified in wet sand 
(1sand, 5sand, 6sand) germinated to higher rates (48-88 %) than untreated seeds sown directly 
after collection (Fresh; 46 %; Fig. 1). Untreated seeds sown directly after collection (Fresh) 
germinated sooner (21 days after sowing) than seeds under all other treatments (42 days after 
sowing; Fig. 1). A significant difference was found in the final germination rates between 
stratified (mean 38 %) and non-stratified seeds (mean 25%; P = 0.0021; Appendix B-II). The 
duration of cold stratification also affected final rates (F(2, 8) = 13.63, P = 0.0026; Appendix B-
II), as well as the storage medium (F(2, 8) = 65.36, P < 0.0001; Appendix B-II). The effect of 
stratification duration and the effect of storage medium also differed over time 
(F(6, 231) = 11.28, P < 0.0001; F(6, 231) = 21.68, P < 0.0001; Fig. 2a, b; Appendix B-III). 
However, an interaction between cold stratification duration and storage medium was detected 
in final germination rates (F(4, 16) = 18.78, P < 0.0001; Appendix B-II) and in germination rates 
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over time (F(13, 231) = 8.08, P < 0.0001; Appendix B-III), which implies that the effect of 
stratification duration was different depending on the storage medium used and vice-versa. 
Overall, seeds stored in paper or plastic bags germinated to significantly lower rates 
than seeds stored in wet sand (Fig. 3a, b). Seeds stratified for six months germinated to higher 
rates when stored in plastic bags rather than in wet sand or paper bags, while seeds stratified 
for shorter periods germinated to higher rates when stored in wet sand rather than in plastic or 
paper bags (Fig. 3a, b). Only five combinations of stratification duration and storage medium 
allowed germination rates over 25 % (1sand, 5sand, 6plas, 6sand and 6pap; Fig. 3a, b). Of 
those, 1sand was the combination that attained this rate the fastest (43 days after sowing, 
compared to 50, 52, 63 and 74 days, respectively; Fig. 1).  
 
 
Figure 1. Mean germination rates (%) of false hop sedge seeds over time under 12 different cold 
(4°C) stratification treatments. Scarified and non-scarified seeds of each stratification treatment are 
joined. Means with different letters differ significantly at final time (Tukey test, p < 0.05). See Table I 




Germination onset was similar between scarified and unscarified seeds (42 days after sowing; 
Fig. 2c). No effect of scarification on final germination rates was found (F(1, 4) = 0.10, 
P = 0.77; Fig. 3c; Appendix B-II). However, the effect of scarification on germination rates 
changed over time (F(3, 231) = 7.13, P < 0.0001; Appendix B-III). Scarified samples had higher 
germination rates between 43-61 days after the beginning of experiments. No interaction 
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between cold stratification and scarification treatments was observed on final germination 
rates (F(11, 44) = 0.85, P = 0.5975; Appendix B-II) or on germination rates over time 
(F(33, 290) = 1.03, P = 0.4346; Appendix B-III).  
 
 
Figure 2. Mean germination rates (%) of false hop sedge seeds over time A) after different durations 






Figure 3. Mean germination rates (%) of false hop sedge seeds at final time A) by durations (1, 5 or 6 
months) of cold (4 °C) stratification, in different storage medium, B) by storage medium (sand = wet 
sand, plas = plastic bag, pap = paper bag), after different durations of cold (4 °C) stratification and C) 
scarification treatment. Means with different letters (within a same comparison group) differ 





2.3.3 Light intensity 
Final mean germination rates varied significantly (F(8, 32) = 34.93, P < 0.0001; Appendix B-II) 
under different light treatments from 4% to 48% (Fig. 4). Light intensities of 25 % resulted in 
significantly higher final germination rates than lower light intensities (Fig. 4), suggesting a 
threshold at 25 % light intensity (i.e. an average of 38 µmol/m2/s) over which germination is 
optimal. The relationship of germination rates to light intensity differed over time 
(F(22, 220) = 25.11, P < 0.0001; Appendix B-III), the threshold differentiation beginning 13 days 
after the experiments were initiated. Thirty days after sowing, a second germination wave was 
observed in samples under light intensities over 50 % (75 µmol/m2/s). 
 
 
Figure 4. Mean germination rates (%) of false hop sedge seeds over time under nine different light 




Given the limited resources they have, reintroduction programs require simple and flexible – 
yet still reasonably effective – protocols to propagate endangered species ex situ. Interestingly, 
even thought in our study the germination conditions were semi-controlled, the best mean 
germination rate (88 %) we obtained was similar to rates previously found for false hop sedge 
seeds collected in Québec in 2007 (75-100 %; Kew 2015). It was possible to obtain 
satisfactory germination rates with simple protocols involving no or only few treatments on 
the seeds. Our results showed that final germination rates of the false hop sedge were 
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influenced by cold stratification duration, storage medium type and light intensity, but not by 
scarification. Different treatments resulted in higher or faster germination rates. Thus, 
protocols for false hop sedge ex situ propagation may vary depending on the initial goal. For 
instance, the use of scarification and/or untreated seeds sown directly after collection should 
be used to obtain transplants more rapidly, while cold-wet stratified seeds should be used to 
obtain higher germination rates. However, using untreated seeds sown directly after collection 
might result in the production of transplants of unequal vigour and maturing before the 
environment is suitable for their transplantation in situ.  
 
2.4.1 Effect of cold stratification 
It is interesting to note that fresh seeds not only germinated relatively well (46%), but also 
much faster than seeds under other treatments. Stratification more often accelerates 
germination (Schütz & Rave 1999), yet we observed the opposite effect in our experiments. 
Different environmental conditions in the greenhouse may have been a causal factor, because 
fresh seeds were sowed in September (greenhouse minimal day-time and night-time 
temperatures respectively 4/4°C) while the rest of the experiment began later, in February 
(greenhouse minimal day-time and night-time temperatures respectively 18/10°C).  
Among cold stratified seeds, those conserved in wet sand germinated at higher rates 
than those sown without treatment directly after collection. Therefore, a cold-wet stratification 
increased their chances to germinate. Indeed, even though stratification is not an absolute 
necessity in many Carices (Kew 2015), beneficial effects of cold-wet stratification on Carices 
have been shown in other studies (e.g., Budelsky & Galatowitsch 1999, Schütz & Rave 1999, 
Esmaeili et al. 2009). For instance, Schütz & Rave (1999) found higher germination rates in 
28 of 32 temperate Carex species after cold-wet stratification, while Esmaeili et al. (2009) 
found higher germination rates in seeds of Carex divisa stored under cold-wet conditions than 
in seeds stored under cold-dry or warm-dry conditions. Consequently, we recommend 
stratifying false hop sedge seeds in wet sand prior to ex situ culture to attain higher – rather 
than faster – germination rates. 
The duration of stratification usually influences the rate of germination, but the optimal 
length of time is species dependent (e.g., Schütz & Milberg 1997, Koyuncu 2005). In our 
experiment, cold-wet stratification overall increased the false hop sedge germination rates, but 
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its effect was lessened when the treatment was prolonged. Therefore, we recommend a short 
(one month) cold-wet stratification, rather than longer ones.  
Interestingly, cold-dry stratifications (i.e., in paper or plastic bags) of different 
durations did not allow significantly different germination rates between them, neither did 
they allow higher germination rates than those obtained by non-stratified seeds kept at room 
temperature for six months. Similarly, Baskin & Baskin (2001) noted that when seeds are dry, 
they stay dormant even if cold-treated. Thus, a cold-dry stratification would be in effect the 
equivalent of an absence of stratification and of a simple dry storage, which would result in a 
general loss of viability among seeds over time (Baskin & Baskin 2001). The higher rates 
obtained by seeds stratified for six months in plastic bags could possibly be explained by the 
fact that plastic retains moisture: if some sets of seeds happened to have retained more 
moisture than others after being dried for two days, their stratification in plastic bags (cold-dry 
stratification) could have been more similar to a cold-wet stratification. For instance, the fact 
that seeds stratified for six months did not spend complementary time at room temperature in 
paper bags could explain why they might have retained more moisture than seeds stratified for 
shorter durations. Indeed, in our study, stratification for six months in plastic bags or wet sand 
allowed statistically similar germination rates.  
 
2.4.2 Effect of scarification 
Mechanical scarification did not affect false hop sedge’s final germination rates; scarification 
is in fact not a common requirement within Carices (Bond 1999). However, scarified seeds 
germinated significantly faster than unscarified seeds in the second half of the experiment. 
Thus, scarification is not essential for the germination of false hop sedge, but it may be useful 
for faster greenhouse propagation.  
 
2.4.3 Effect of light intensity 
The best germination rate obtained in the light intensity experiment (48 %), for which seeds 
were stratified for six months in a plastic bag, was lower than the mean germination rate 
obtained for the same treatment in the stratification experiment (68 %). This difference may be 
due to intraspecific differences, as the seeds used for these experiments were collected years 
apart from botanical garden individuals (stratification experiment) and wild or reintroduced 
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individuals (light intensity experiment). Additionally, different environmental conditions 
during seeds maturation could induce intraspecific variation (Gutterman 2000). Such 
differences between the germination rates obtained could also be caused by different study 
conditions, such as the use of Petri dishes instead of trays in light intensity experiment or the 
use of a slightly different greenhouse potting mix as substrate. Yet, as previously discussed, 
plastic retains moisture and the seeds could have been quite moist when they were placed in 
the bags, as they were dried only on surface prior to their stratification treatment. Thus, their 
cold-dry stratification (6-month stratification in plastic bag) could have been in reality a cold-
wet one. If so, the two experiments would have allowed similar germination rates for given 
treatment. Indeed, in the stratification experiment seeds stratified for six months in wet sand 
germinated to a rate of 47 %, which is similar to the best rate obtained in the light intensity 
experiment (48 %).  
The seeds also germinated much faster in the light experiment (5-7 days) than in the 
stratification experiment (21-42 days). Again, a difference in environmental conditions might 
be a causal factor. For instance, the addition of a thin layer of substrate on seeds prior to the 
stratification experiment might have reduced luminosity and consequently slowed their 
germination.  
The average germination rate of false hop sedge was greater at higher light intensities 
(here, over 38 µmol/m2/s), as is generally the case for Carices from wetlands or disturbed 
habitats (Schütz 2000, Baskin & Baskin 2001, Grime 2001). This finding concurs with its 
habitat preferences since, at least in Québec, mature individuals of the species rarely grow 
farther than 15 m from the river shoreline, where the canopy is sparse and where flooding 
intensely disturbs soil every spring (COSEWIC 2011). Our results also indicated that a second 
wave of germination occurred under higher light levels, which could be explained by 
intraspecific polymorphism, an important mechanism that diminishes the risks associated with 
massive simultaneous germination in potentially unsuitable environmental conditions 
(Silvertown & Lovett-Doust 1993, Schütz 2000). Thus, we recommend germinating the false 
hop sedge seeds under a light intensity that is over 38 µmol/m2/s. 
In conclusion, false hop sedge is easy to propagate ex situ, since a variety of treatments 
resulted in relatively high germination rates. Using scarified and/or untreated seeds sown 
directly after collection would result in faster germination, while using intact seeds stratified 
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for one month in wet sand would result in higher germination rates. A simple protocol 
involving no scarification or cold stratification will also result in satisfactory germination 
rates. However, using untreated seeds sown directly after collection might result in longer 
greenhouse occupancy, as transplants would be mature during winter, thus too early for their 
transplantation in situ. Also, our results show that untreated seeds sown directly after 
collection did not germinate simultaneously, thus producing transplants of unequal vigour. We 
were able to determine with precision the minimum amount of light necessary for the optimal 
germination of the false hop sedge. The combined effect of light intensity and stratification 
technique would be an interesting element to investigate in future experiments.  
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Chapitre 3 : Reintroduction of the endangered false hop sedge 
 
Auteurs : Annabelle Langlois et Stéphanie Pellerin 
Article en préparation pour soumission à Biological Conservation 
 
3.1 Introduction 
Native plant species are increasingly threatened by human disturbances, resulting in a global 
biodiversity crisis (Gilbert 2010, McGill et al. 2015). With conservation biologists identifying 
a growing number of species at risk of extinction, there is an urgent need for effective 
preservation strategies. In situations where it is impossible to successfully protect the habitat 
of a severely imperilled species, reintroductions are considered valuable re-establishment tool 
(Godefroid & Vanderborght 2011, Guerrant 2012). Reintroductions sensu stricto can be 
defined as the establishment of new self-perpetuating populations on sites where a species was 
once present; a closely related approach, reinforcement, involves the addition of new 
individuals to existing populations. These strategies can lower the genetic risk associated with 
reproduction among a small number of individuals of a same species (Neil 2012) and increase 
the odds of reproduction between distant individuals (Albrecht & Maschinski 2012). However, 
they are usually high-cost and high-risk activities (Gorbunov et al. 2008), and their biological 
success is often very low (Godefroid et al. 2011). For instance, an analysis of 249 plant 
species reintroductions worldwide (Godefroid et al. 2011) reported average survival rates after 
one year of 52 %, average flowering and fruiting rates after two years of 19 % and 16 %, and 
no or only sporadic recruitment. This study also found a downward trend over time, as average 
flowering and fruiting rates decreased by 6 % after 4 years. The failure of reintroduction 
attempts can often be attributed to an initial lack of knowledge of the ecology and biology of 
the target species (Aguraiuja 2011). 
To better understand the specific requirements of endangered species, many 
researchers have suggested performing experimental or observational studies parallel to 
reintroduction trials (Kaye 2008, Menges 2008, Maschinski et al. 2012a). The importance of 
sharing the knowledge acquired through such studies has also been emphasized (Kaye 2008, 
Godefroid & Vandeborght 2011). However, many reintroduction experiments remain 
unpublished (Godefroid & Vanderborght 2011), especially when the attempts are considered 
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to be a failure (Godefroid et al. 2011). Additionally, many reintroduction programs use 
inadequate criteria to define success (Godefroid et al. 2011). Pavlik (1996) distinguished 
between the biological success of a reintroduction program and its success as a project: while 
the former relates to ensuring species survival, the latter refers to the methods and protocols 
that will ultimately allow biological success. Most reintroduction programs collect or consider 
insufficient information to reliably evaluate either type of success. For instance, among 
published projects that are perceived as biologically successful, few reintroduction plans have 
included the detailed and extended monitoring considered necessary for reliable assessment of 
this dimension (Menges 2008, Godefroid et al. 2011). Indeed, while it has been suggested that 
monitoring for at least ten years or three generations (whichever is longer) is necessary to 
evaluate the status of a species (Westwood et al. 2014), most reintroduction programs cease 
monitoring after ≤ four years (Godefroid et al. 2011). The evaluation of biological success is 
also generally based on vital rates such as survival, growth and fecundity of first generation 
propagules (defined, in the context of reintroductions, as the biological material used for the in 
situ propagation of a species; Menges 2008, Monks et al. 2012), but rarely on the completion 
of the lifecycle through recruitment of offspring generations, which is a key element in this 
assessment (Monks et al. 2012). Furthermore, most reintroduction programs evaluate the vital 
rates of transplanted individuals without comparing them to those found in wild populations 
(i.e., naturally established populations; Menges 2008). Very few reintroduction programs can 
determine with certainty which factors caused the death of transplants or the absence of 
recruitment offspring (Godefroid et al. 2011, Drayton & Primack 2012). Factors related to an 
unsuitable habitat are often hypothesized, yet few reintroduction studies clearly measure them 
and analyze their impact statistically (Kaye 2008, Drayton & Primack 2012). Determining 
these factors would constitute an important criterion for assessing success on the project level, 
as it would ultimately help improve reintroduction methods and protocols. 
In our study, we investigated the influence of environmental conditions on the success 
of reintroduction sensu stricto and reinforcement attempts conducted for an endangered 
riparian floodplain species, false hop sedge (Carex lupuliformis Sartwell ex Dewey). For a 
period of nine years following the first years of reintroduction, we documented the survival 
and vigour of transplanted and wild individuals (total = 10 years), and described their 
respective microhabitat in terms of soil moisture, light availability and competition volume. 
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The effect of unexpected aphid attacks was also investigated. More specifically, we aimed to 
determine which environmental conditions influenced the survival and vigour of the 
transplanted individuals. We also compared the vital rates (survival, growth and fecundity) of 
transplanted and wild individuals.  
 
3.2 Material and methods 
3.2.1 Study species 
False hop sedge is an endangered perennial from the Cyperaceae family that grows mostly 
under canopy openings in seasonally flooded wetlands (Hill 2006, Thompson and Paris 2004). 
Distributed sporadically across eastern North America, it is rare throughout most its range 
(NatureServe 2015). In Canada, it is found only in the southernmost portions of Québec and 
Ontario. The species is rhizomatous and can reproduce vegetatively or sexually. Flowers are 
wind-pollinated, and seeds are dispersed by gravity or water. False hop sedge plants can 
produce seeds within their first year. The species is also known to form a persistent seed bank 
in the soil, and is thought to require soil disturbance and canopy openings to germinate 
(Thompson & Paris 2004).  
Habitat loss and degradation caused by the conversion of riparian wetlands into 
agricultural and residential areas, canopy closure, shore erosion, exotic species invasion and 
water regime regulations threaten the Canadian populations (COSEWIC 2011). In Québec, 
where the reintroduction project was undertaken, there are 13 known false hop sedge 
populations, of which five are extant, including one originating from reintroduced plants 
(Table I). The extant populations lie along a 15 km stretch of the Richelieu River (Table I). 
Additional populations may exist, but false hop sedge is often overlooked due to its close 
morphological resemblance to common hop sedge (Carex lupulina Muhl. ex Willd.). Since 
only the knobbed angles on false hop sedge achenes make it possible to distinguish between 
the two species with certainty (Reznicek & Ball 1974, COSEWIC 2011), false hop sedge is 
difficult or impossible to identify in the absence of mature seeds.  
 
3.2.2 Reintroduction project 
In Québec, a restoration plan for the species that included reintroduction sensu stricto and 
reinforcement efforts as well as monitoring was conducted between 2006 and 2015 (Bachand-
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Lavallée & Pellerin 2006, Environment Canada 2014). The main criteria for the selection of 
reintroduction sites were habitat quality and similarity to wild sites (i.e., humid depression and 
canopy openings, proximity to river shoreline and spring flooding); presence of an extinct or 
extant population less than a kilometer away; and long-term support on the part of site 
landowners. Four sites were selected in 2006, one near an extant population (Marcel-Raymond 
Ecological Reserve; MRER) and three near extinct populations: St-Blaise-sur-Richelieu 
(STB), McGillivray Bay (MCG) and Sabrevois (SAB) (Table II). An additional reintroduction 
site at the junction of the Ottawa and St. Lawrence rivers was added in 2008, near the extinct 
Oka National Park (OKA) population (Table II).  
 
Table I. List of the wild false hop sedge populations known in 2015.  
 





PLANTS IN 2015 
Lacolle LACnat Known 2013 Unknown 
Marcel-Raymond 
Ecological Reserve MRERnat Known 2015 90 
McGillivray Bay MCGnat Extinct. Rediscovered in 2007. 2015 73 
Saint-Paul-de-l'Île-
aux-Noix-1 STPnat Unknown. Found in 2013. 2015 16 
Saint-Blaise-sur-
Richelieu-1 STBnat 
Established in 2010 from 
reintroduced plants. 2015 17 
Rigaud - Extinct 1932 0 
Iberville - Extinct 1938 0 
Sainte-Anne-de-
Sabrevois - Extinct 1938 0 
Carillon Island -  Extinct 1992 0 
Great Oka Bay - Extinct 1992 0 
Pointe du 
Gouvernement - Extinct 1992 0 
Saint-Blaise-sur-
Richelieu-2 - Extinct 1992 0 
Saint-Paul-de-l’Île-
aux-Noix-2 - Extinct 1972 0 
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Table II. Details of the reintroduction trials performed between 2006 and 2010 in Québec, Canada. 
MRER and MCG are reinforcement sites, while STB, SAB and OKA are reintroduction sensu stricto 
sites. Reint. = reintroduction. Transpl. = transplanted. 
 
REINT. SITE SITE CODE REINT. YEAR REINT. SECTOR TRIAL CODE NBR. TRANSPL. 
Marcel-Raymond 
Ecological Reserve MRER 2006 1 MRER06 64 
  2007 1 MRER07a 30 
  2007 2 MRER07b 30 
      
McGillivray Bay MCG 2006 1 MCG06 64 
  2008 2 MCG08 81 
      
St-Blaise-sur-
Richelieu STB 2006 1 STB06 65 
  2007 1 STB07 55 
  2009 2 STB09 60 
      
Saint-Anne-de-
Sabrevois SAB 2006 1 SAB06 64 
      
Oka National Park OKA 2008 1 OKA08 27 
  2010 2 OKA10a 30 
  2010 3 OKA10b 30 
 
 
In September 2005, 400 mature seeds were collected from each individuals of the two 
wild populations known to exist at the time (LACnat and MRERnat; Table I). Shortly after, 
the seeds were sowed in the Montreal Biodôme greenhouses. A total of 331 seedlings emerged 
(41% of the seeds; 209 LACnat and 122 MRERnat). Transplants were moved outside for 
acclimatization during the summer preceding transplantation in situ. In August 2006, 64 or 65 
adult-size transplants were randomly assigned to sites, and the first transplantation trials were 
conducted (Table II). All individuals were similar in terms of vigour (for instance, number of 
shoots between 11 to 13 and height between 52 to 63 cm; Bachand-Lavallée & Pellerin 2006). 
Only individuals originating from MRERnat were transplanted in MRER, while other sites 
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received individuals from both original populations. Additional reintroduction trials were 
performed in 2007, 2008, 2009 and 2010 on sites with less than 75% survival rates as well as 
in additional sectors that seemed suitable for the species (Table II). In 2009 and 2010, 
transplantations included individuals grown from seeds collected in the MCG wild population, 
which was rediscovered in 2007 (Table I). 
In 2006 and 2007, individuals were transplanted one meter from each other along 
linear transects. Half of the transects were positioned parallel to the shore, while the other half 
were placed perpendicular to it. From 2008 on, transplants were planted in groups of three in a 
triangular layout (1 m between transplants) to better mimic the natural propagation pattern of 
false hop sedge observed in Quebec. The position of each transplant was randomly 
determined. At the moment of transplantation, transplants were removed from their individual 
pots and their roots were cleaned and broken at the tip to stimulate rooting (Balliu et al 2010). 
Each transplant was placed in a hole about 15 cm long, 15 cm wide and 20 cm deep, which 
was then filled with a mix of the original potting soil and natural substrate. Transplants were 
watered and the tips of their leaves were cut to limit evapotranspiration. All transplants were 
marked with a metal rod and a unique reference number for subsequent monitoring. 
Exotic aphids (Ceruraphis eriophori Walker), potentially originating from the 
greenhouses where the transplants were grown, were found on transplants in 2007. This aphid 
species is native to Europe, where its primary hosts are species of Viburnum, and secondary 
hosts species of Carex, Eriophorum, Luzula and Typha (Börner 1952). In North America, the 
species occurs in nature (MacGillivray 1960), and could therefore have also originated from 
the transplant habitat. The intensity of the infestations by aphids varied from year to year, but 
in 2007 they were apparently highly abundant throughout Quebec (FPCCQ 2010). 
Nonetheless, the possibility that they originated in the greenhouses cannot be excluded. False 
hop sedge individuals were treated with insecticides from the time of the first attacks until 
transplantation, and aphid attacks were considerably reduced.  
 
3.2.3 Monitoring 
Every year in mid-August – when transplants reached their maximal development as 
determined after three years of monitoring every two/three weeks – the height, total number of 
shoots and number of fruiting shoots of transplanted and wild individuals were noted, as were 
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empirical signs of stress, including the presence of aphids, sawflies, drying or rotting 
(Appendix C). New wild individuals were sought every year in reintroduced and known wild 
populations. Each new false hop sedge plant was permanently marked with a metal rod and a 
unique reference number for subsequent monitoring.  
Environmental conditions were first measured in 2007 for each of the 257 individuals 
reintroduced in 2006 (raw environmental data in Appendix D). Environmental conditions for 
individuals transplanted in 2007 could not be measured at that time because they were 
transplanted later in the summer. Variables measured were volumetric water content in soil (in 
%; ThetaProbe, Delta-T devices, Cambridge, U.K.), proportion of available light at 60 cm 
from the ground (in %; BF2 type sunshine sensor, Delta-T devices, Cambridge, U.K.), as well 
as competition cover (< 1 %, 1-5 %, 5-25 %, 25-50 %, 50-75 % and 75-100 %) and height 
(excluding mature trees) in a circular plot centered on the transplant (radius = 0.32 m). 
Competition cover and height were later used to calculate competition volume (V) using  
 
V = !r!CH  
where r is the circular plot radius (0.32 m), C is the midpoint of the competition cover 
class and H is the competition height. All of these environmental conditions were measured 
again in 2015 for all individuals transplanted since 2007 (343 transplants), even though most 
had since died (location still marked by metal rod). The same methods were used in 2007 and 
2015. In 2007, mean values of the environmental conditions were calculated from three 
measurements performed in early, mid and late summer. In 2015, these variables were 
obtained from a single measurement in mid-August, because the river water level was too high 
to perform measurements earlier. Soil samples were not collected, since a previous study had 
shown that soil variables (pH, cation-exchange capacity, organic matter, Ca, Mg, Fe, N, P, K, 
Al and total carbon) had no effect on the survival or vigour of transplanted and wild false hop 
sedge individuals (Pichon 2009).  
 
3.2.4 Statistical analysis 
3.2.4.1 Factors influencing survival  
Prior to analyses, all transplants (600) were sorted into three groups: individuals that survived 
for less than a year after their transplantation (group 1; n = 257), individuals that survived for 
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one or two full years (group 2; n = 206) and individuals that survived for ≥ three years 
(group 3; n = 137). Environmental data from 2007 (collected for 2006 transplants) and from 
2015 (collected for 2007-2010 transplants) were used together, as no major disturbance (tree 
cutting or windfall) occurred on the reintroduction sites since the first monitoring in 2007. A 
linear discriminant analysis (LDA) including all transplants was performed to investigate the 
relative influence of each environmental variable on the survival groups formed previously. 
As univariate complements to the LDA, ANOVAs were performed to better compare the 
differences in environmental conditions (soil moisture, light availability and competition 
volume) between the survival groups. Post-hoc multiple comparisons were performed using 
Tukey HSD. A chi-squared analysis was also performed to compare the frequency of aphid 
attacks between survival groups 2 and 3, as no aphid attacks were observed on transplants that 
survived for less than a year (group 1). In three trials (STB06, STB07 and MRER07b; Table 
II) transplants were placed in marsh-like habitats, which are characterized by higher soil 
moisture and light availability than the swamps in which the other sites were located (Fig. 1). 
Their inclusion in our analyses may have influenced the effect of the environmental conditions 
on transplant survival. Therefore, the same analyses were also performed excluding these 
marsh sites.  
 
 
Figure 1. Average environmental conditions (standardized) on the reintroduction sites. See Table II 




3.2.4.2 Factor influencing vigour 
Pair-wise correlations were used to explore relationships between the environmental variables 
and the transplant vigour variables: height, total number of shoots, number of fruiting shoots 
and ratio of fruiting shoots/total shoots (F:T ratio). Aphid attacks were not considered because 
most attacked transplants died quickly. To account for the varying age of transplants, the mean 
yearly values for all the vigour variables were used in the analysis (sum of the vigour variable 
across years divided by transplant age). The 463 transplants that lived ≤ two years were 
excluded from the analysis to focus on vigour rather than survival.  
 
3.2.4.3 Comparisons with wild individuals 
ANOVAs were performed to compare the vigour and survival (height, total number of shoots, 
number of fruiting shoots, F:T ratio, age at death) of transplanted and wild individuals. Mean 
yearly values per individual were used for all variables. Only transplants that lived ≥ three 
years were used in analyses, except for the age at death comparison, for which all dead 
transplants and wild individuals were considered. We also investigated the effect of excluding 
the 257 transplants that died in less than a year from this age comparison. Student’s T tests 
were used as post-hoc tests. 
All statistical analyses were conducted using the JMP-9 software package (version 
9.0.1; SAS Institute Inc., Cary, North Carolina, USA). Statistical significance was set at 
p < 0.05.  
 
3.3 Results 
3.3.1 Overview of the outcome of reintroduction trials  
The overall survival rate of transplants was 4 % in 2015, and ranged between 0 % and 26 % 
across reintroduction trials (Fig. 2). On almost all sites, a high mortality rate was observed in 
the first or the second year after transplantation (Fig. 2). While 43 % of transplants died in less 
than a year (group 1), 35 % died after one or two full years (group 2) and 23 % after ≥ three 
years (group 3). Overall, 33 % of transplants produced seeds at least once. In 2015, offspring 
recruitment was found in one of the three reintroduction sensu stricto sites (STB) and in both 
reinforcement sites (MRER and MCG; Table III). In 2015, there were as many living recruited 
plants in the reintroduction sensu stricto population as there were wild individuals in the 
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province at the beginning of the project. Within the reinforcement sites, the vast majority of 
offspring recruitment was found closer to the wild populations (0 to 30 m) than to the 
transplantation sites (between 30-100 m, except for one offspring that was found directly in 
the MRER07b site). Almost three quarters of recruitment found since 2007 (74 %; 155 out of 
210 individuals) was discovered in 2014 and 2015 only (Table III). The number of alive and 
known wild individuals in Québec in 2015 (178 individuals; excluding STPnat found in 2013; 
Table I) was six times higher than the average in 2007-2013 (29 individuals; data not shown).  
 
 
Figure 2. Proportion of surviving transplants per number of years since transplantation and per 
reintroduction trial. See Table II for explanation of the reintroduction trial codes. 
 
 
3.3.2 Factors influencing survival 
The LDA model separated the transplants from the three groups with 62 % accuracy (Fig. 3a). 
The first and second axes represented respectively 85 % and 15 % of explained variance. The 
first axis separated the three groups from each other, while the second separated groups 1 and 
2 from group 3. The variance along the first axis was mostly explained by aphid attacks. The 
variance along the second axis was mostly explained by soil water content and competition 
volume. Transplants that died in a year or two (group 2) were mostly associated with the 
presence of aphids and high competition volume (Fig. 3a). Transplants that died in less than a 
year (group 1) were mostly associated with high soil water content and low competition 
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volume, as opposed to transplants that survived ≥ three years (group 3), which were located in 
drier areas and experienced more intense competition. When excluding sites located in 
marshes, similar patterns were found, but accompanied by a beneficial effect of light 
availability (Fig. 3b). 
 
Table III. Summary of offspring recruitment discoveries between 2007 and 2015 by reintroduction 
site. Pop.  = population. 
 
SITE SITE TYPE NEAREST POP. YEAR NUMBER FOUND 
MRER Reinforced MRERnat 2007 3 
   2008 7 
   2009 7 
   2010 2 
   2012 17 
   2013 2 
   2014 45 
   2015 23 
  MRER07b 2015 1 
     
MCG Reinforced MCGnat 2007 2 
   2008 10 
   2009 1 
   2012 3 
   2014 31 
   2015 34 
     
STB Reintroduced STB09 2010 1 
   2014 5 
   2015 16 
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Figure 3. Linear discriminant analyses of false hop sedge survival groups based on A) all 
reintroduction trials and B) excluding trials located in marsh-like habitats. Circles represent the 50% 
confidence limit enclosing half of the data points of each group and crosses represent the centroid of 
each group. Group 1: transplants that died in less than a year; Group 2: transplants that lived one or two 
full years; Group 3: transplants that lived ≥ three years. Light = Available light; Aphids = Aphid 
attacks. Only significant variables (p < 0.05) are shown.  
 
 
In both analyses, the local environment of transplants that died very quickly (less than a year; 
group 1) was characterized by higher soil water content and lower competition volume than 
that of transplants that survived longer (groups 2 and 3; Fig. 4a, b; complete results in 
Appendix E-I). When considering all reintroduction sites, available light was not significantly 
different between groups (Fig. 4a), but when excluding sites located in marshes, it was 
significantly lower in the environment of transplants that died very quickly (less than a year; 
group 1) than in that of transplants that survived longer (Fig. 4b; Appendix E-I). In both 
analyses, the proportion of transplants attacked by aphids was significantly greater within 
transplants that died in a year or two than within those that survived ≥ three years (Fig. 4c; 
Appendix E-I). Attacked transplants had greater chances of dying within a year (74 % death 




Figure 4. Distribution of environmental variables in the false hop sedge survival groups for all 
reintroduction trials and for trials excluding marsh-like sites. G-1: transplants that died in less than a 
year; G-2: transplants that lived one or two full years; G-3: transplants that lived ≥ three years. Aphids 
= % of transplants attacked by aphids at least once. In all plots but g and h, the upper, lower and 
middle lines of the box correspond respectively to the 75th, 25th and 50th percentiles (median). The 
upper and lower whiskers extend from the maximum and minimum values. The means are represented 
by the black dot. Open dots represent outliers. Means with different letters differ significantly (Tukey 
test, p < 0.05; complete results in Appendix E-I).  
 	
3.3.3 Factors influencing vigour  
Average height, total number of shoots and number of fruiting shoots were positively 
correlated to all environmental variables (Table IV). Average F:T ratio was positively 
correlated to available light and competition volume only. Correlations to environmental 
variables were stronger for average height and total number of shoots. All vigour variables 
except F:T ratio were more correlated to soil water content than light availability or 
competition volume. All vigour variables except height were more correlated to light 
availability than competition volume. 
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Table IV. Pearson correlations between environmental and vigour variables for transplants that lived ≥ 












MOISTURE 1.00       
LIGHT 0.58*** 1.00      
COMPETITION 
VOLUME 0.64*** 0.65*** 1.00     
HEIGHT 0.70*** 0.52*** 0.60*** 1.00    
TOTAL 
SHOOTS 0.45*** 0.41*** 0.40*** 0.67*** 1.00   
FRUITING 
SHOOTS 0.34*** 0.32** 0.28** 0.60 *** 0.88*** 1.00  
F:T RATIO 0.11 0.27** 0.22** 0.46*** 0.59*** 0.81*** 1.00 
 	
3.3.4 Comparisons with wild individuals 
Transplants that lived ≥ three years were significantly less vigorous than wild individuals (Fig. 
5; complete results in Appendix E-II). On average, they produced less shoots each year (14), 
and were smaller (82 cm) and less productive (3 fruiting shoots; F:T ratio 0.13) than wild 
individuals (18 shoots, height of 102 cm, 6 fruiting shoots and F:T ratio 0.33). Yet together, 
transplants produced a total of 2 048 fruiting shoots between 2007 and 2013, while it is 
estimated that known wild individuals in Québec produced 1 157 fruiting shoots in the same 
period (data not shown). This represents a 177% increase in reproductive effort.  
The average age at death of wild individuals was significantly higher (2.6 years) than 
for all transplants (1.4 years; Fig. 5). No significant difference was found when transplants 
that died in less than a year were excluded (2.5 years; Fig. 5). Almost a quarter (23 %) of 
transplants outlived the average age of wild individuals at death (data not shown). 
 
3.4 Discussion 
In a context where few reintroduction attempts are considered successful (Godefroid et al. 
2011) studies like ours are important to improve the planning and outcome of future trials. Our 
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analysis showed that exotic aphid attacks, excessive soil water content and low light 
availability were the main causes of premature death in transplanted false hop sedge 
individuals. Soil moisture (when not excessive, as pointed out by the survival analyses), light 
availability and competition volume positively influenced the vigour of the transplants. 
Transplants were less vigorous than wild individuals, but were found to live on average just as 
long as them, once they had survived the first year after transplantation. 
 
 
Figure 5. Comparison of vigour and survival between wild individuals and transplants that lived at 
least three years. In e, all transplants are included in the comparison, while in f transplants that died in 
< one year are excluded. The upper, lower and middle lines of the box correspond respectively to the 
75th, 25th and 50th percentiles (median). The upper and lower whiskers extend from the maximum 
and minimum values. The means are represented by the black dot. Open dots represent outliers. F:T 
ratio = Fruiting shoots: total shoots ratio; Age = Age at death. Means with different letters differ 
significantly at final time (Tukey test, p < 0.05; complete results in Appendix E-II). 
 
 
Offspring recruitment was found on reintroduced sensu stricto and reinforced sites in the years 
following the first reintroductions, sextupling the average number of wild individuals known 
in Québec since 2006. Even though it is too soon to know whether these populations will be 
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self-perpetuating (at least three generations or ten years are necessary for proper evaluation; 
Westwood et al. 2014) and thus to assess the success of our program on a biological level with 
confidence, we consider the project successful because it allowed the precise definition of the 
environmental conditions that influenced the survival of false hop sedge transplants. 
 
3.4.1 Factors influencing survival and vigour 
Exotic aphid attacks were the main cause of premature death among transplanted false hop 
sedge individuals, doubling their risk of dying within a year. Aphids cause direct damage by 
feeding on a plant, but can also be vectors of many viruses (Hogenhout et al. 2008). As our 
results show, in a context were plants are already in precarious condition, such as when they 
are adapting to a new environment after transplantation (Haskins & Pence 2012), the damage 
pests cause could be considerable. The aphids found on false hop sedge transplants may have 
originated from the greenhouses where they were grown, or from the reintroduction sites. 
Indeed, this aphid species has been previously observed on wild plants of the Cyperaceae 
family in North America (MacGillivray 1960). Yet, in our study, no aphids were observed on 
wild false hop sedge individuals (although our search was not as meticulous in order to avoid 
inducing too much stress in wild individuals, as aphids are often located at the base of the 
ramets). Considering that herbivorous insects generally prefer to feed on plants with high 
nutrient contents (Brodbeck et al. 1990, Minkenberg & Ottenheim 1990) such as those that 
have recently been growing in greenhouses, it is possible that our transplants were particularly 
attractive to aphids. Additionally, unnaturally sudden and synchronized transplantation of a 
high number of plants of uniform size – in contrast with the natural succession of wetlands, 
where vegetation develops in patches – can attract herbivorous insects (Zedler 2000). For 
instance, during restoration programs involving such unnatural plantings in the Tijuana 
Estuary and San Diego Bay, the herbivory was greater than previously observed in natural salt 
marshes (Zedler 2001). Yet, the possibility that the aphids were brought from the greenhouses 
where our transplants were grown remains. Our results highlight the critical importance of 
controlling pre- and post-transplantation herbivory to respectively avoid the introduction of 
pathogens in endangered wild plant populations (Haskins & Pence 2012) and maximize 
transplant survival prospects (Maschinski et al. 2012b). 
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Our results also suggest that soil water contents on some 2006 and 2007 reintroduction 
sites, notably the sites located in marsh-like habitats rather than in swamps, were too high for 
false hop sedge survival. In 2005, the most vigorous wild false hop sedge individuals were 
found in a marsh-like habitat (small open depression in swamps), which mislead our 
understanding of the adequate conditions for the species’ survival. Indeed, very few wild 
individuals were known to exist in Québec at the time (31), and it is difficult or impossible to 
draw conclusions on the habitat requirements of an endangered species when only small 
and/or declining populations remain, as their location might not be representative or suitable 
any longer for optimal survival of the species (Maschinski et al. 2012a). For instance, when 
attempting to reintroduce the endangered palm tree Pseudophoenix sargentii in Florida state 
parks, Maschinski & Duquesnel (2007) found that the species could only be successfully 
reintroduced in one of the two known historic sites in the US, possibly because the topography 
had changed in some sites in the two decades preceding their reintroduction trials.  
Knowing that floodplain species distribution is mainly determined by the water depth 
gradient (Spence 1982), it is not surprising that soil water content was a significant factor 
affecting false hop sedge survival. Soil saturation causes anaerobic conditions (Armstrong et 
al. 1994), and only some species exhibit the physiological adaptations required to survive 
prolonged flooding. Yet, our vigour analysis showed that as long as it did not exceed the 
degree of flooding the plant is able to tolerate physiologically (as determined through our 
survival analysis), a high soil water content was overall the most beneficial environmental 
condition for false hop sedge vigour.  
Light availability was also found to have a beneficial effect on false hop sedge survival 
and vigour, which coincides with previous understanding of the species’ ecology (Thompson 
& Paris 2004). It was also the main environmental condition associated with the allocation of 
resources towards reproduction (F:T ratio). Indeed, in floodplain ecosystems, shaded areas are 
usually devoid of vegetation (Menges & Waller 1983), which may be, as Grime (1979) 
suggested, because the combination of frequent disturbance and high stress (e.g. flooding and 
low light availability) is too rigorous for vegetation growth. In our study, low light availability 
was generally associated with lower competition, which further indicates that some individuals 
were transplanted in an excessively stressful environment. These sites were chosen because 
some wild false hop sedge individuals had been found in such conditions in the past. However, 
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as previously mentioned, at the beginning of our reintroduction trials, few wild individuals 
were known and their habitat was probably not representative or suitable any longer for the 
species’ survival. Additionally, while it was thought that false hop sedge would perform better 
in areas with poor competition (Thompson & Paris 2004), our results suggest that competition 
does not impair the species’ survival or vigour.  
 
3.4.2 Comparison with wild individuals and success assessment  
As is the case in most reintroduction trials (Godefroid et al. 2011), many of our transplants 
died rather quickly (0-2 years), and the overall final survival rate was very low (4 %). As 
shown by our survival analysis, aphid attacks and transplantation in habitats that did not meet 
the false hop sedge environmental requirements are most likely the causes. Yet, our results 
show that if transplanted individuals were able to survive at least one year, they would on 
average live just as long as wild individuals. On the other hand, they were on average less 
vigorous than wild individuals likely due to non-optimal environmental conditions such as low 
light availability and soil moisture on many reintroduction sites.  
A third of the transplanted individuals produced seeds at least once, and overall 
contributed to an estimated 177 % increase in reproduction effort in Québec between 2007 and 
2013. These seeds are apparently viable, as Teasdale (2014) was able to germinate ones found 
in the soil (0 to 5 cm depth) near transplants. Additionally, seeds from false hop sedge 
transplants have shown high germination rates in previous experiments (88 %; Pellerin, 
personal observation). Offspring recruitment was found in one reintroduced sensu stricto 
population. In 2015, there were as many living recruited plants in that population as there were 
wild individuals in the MRER wild population in 2006. Since wild false hop sedge individuals 
have never been found on this site, it is very likely that this offspring recruitment originated 
from our transplants. Offspring recruitment was found in both of the reinforced populations, 
and sextupled the average number of wild individuals known in Québec since 2006. However, 
the vast majority was found near the shore among the wild populations and between 30-100m 
from the reinforcement sites. Thus, new plants may have originated from both reintroduced 
and wild individuals, as seeds may have been carried from reinforced to wild populations 
during spring floods. Such a phenomenon has been observed in other reintroduction trials. For 
instance, Morgan (1999) found Senecio macrocarpus seedlings established under different 
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environmental conditions at a distance of 20 m from the founder population. Knowing that 
many of our reinforcement sites were not suitable for optimal false hop sedge survival and 
growth (as shown by our survival and vigour analyses), it is not surprising that almost no 
recruitment was found at their specific location.  
The biological success of our reintroduction program seems highly likely. However, 
knowing that at least ten years or three generations are considered necessary to evaluate a 
population status (Westwood et al. 2014) and that most of the offspring recruitment was found 
in 2014 and 2015, it is too early to confirm that the populations that were established or 
enhanced through our reintroduction program will be self-perpetuating. Nonetheless, our 
program can certainly be considered successful on the project level, since we were able to 
define false hop sedge ecology with greater precision, and determine the main factors causing 
transplant death with confidence, which is rarely feasible in reintroduction programs 
(Godefroid et al. 2011).  
 
  
Chapitre 4 : Conclusion générale 
 
Lorsque la protection efficace de l’habitat d’une espèce en péril n’est pas possible, les 
réintroductions sont considérées comme des outils de conservation de grande valeur 
(Godefroid & Vanderborght 2011, Guerrant 2012). Toutefois, ces activités sont risquées, 
coûteuses et souvent infructueuses (Gorbunov et al. 2008, Godefroid et al. 2011). Le manque 
de connaissance sur les espèces à réintroduire explique en grande partie leur échec fréquent 
(Aguraiuja 2011), et il a par conséquent été recommandé de mettre en place des expériences 
scientifiques ou observationnelles en parallèles aux essais de réintroduction (Kaye 2008, 
Menges 2008, Maschinski et al. 2012a). De plus, les programmes de réintroduction planifient 
généralement un suivi des populations trop court et fondent l’évaluation du succès de leurs 
efforts sur des critères inadéquats (Godefroid et al. 2011). En ce sens, notre étude constitue un 
rare exemple de programme de réintroduction qui inclue des expériences complémentaires 
permettant d’améliorer les techniques de réintroduction utilisées, un suivi prolongé des 
populations réintroduites et sauvages, ainsi qu’une évaluation de son succès selon des critères 
recommandés par des experts dans le domaine. 
Le deuxième chapitre de ce mémoire visait à développer un protocole de germination 
flexible et pratique, mais néanmoins efficace et requérant peu de ressources, pour propager le 
carex faux-lupulina en serres en vue d’essais de réintroduction. Notre recherche a montré que 
l’espèce germe facilement en serres, et qu’une variété de protocoles permet sa germination 
efficace ou rapide, selon le but recherché. Entre autres, une stratification froide (4°C) des 
semences pendant un mois dans du sable humide a permis d’obtenir des taux de germination 
nettement plus élevés (88 %) que ceux atteints par des semences non traitées semées 
directement après leur collecte (46 %). Bien que les Carex n’aient en général pas besoin de 
stratification froide pour germer (Kew 2015), il a été montré dans l’étude de Schütz & Rave 
(1999) que ce traitement augmentait les taux de germination chez 28 des 32 espèces de carex 
étudiées. D’autre part, nos résultats ont montré qu’une scarification des semences permet une 
légère accélération du processus de germination. L’utilisation de semences fraîches (i.e. 
semées sans traitement directement après leur récolte) a quant à elle permis une germination 
deux fois plus rapide que l’utilisation de semences conservées de diverses façons pendant six 
mois. Ces résultats montrent qu’il est possible de propager le carex faux-lupulina très 
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efficacement avec peu de ressources, puisque les meilleurs taux de germination que nous 
avons obtenus (88 %) s’apparentaient à ceux précédemment obtenus lors d’expériences en 
milieu contrôlé (75-100 %; Kew 2015).  
Le troisième chapitre de ce mémoire tentait de cerner les facteurs influençant la survie 
et la vigueur des transplants de carex faux-lupulina. Nos résultats ont montré que des pucerons 
exotiques, probablement originaires des serres dans lesquelles les transplants ont été produits, 
auraient tué prématurément un grand nombre de transplants. En effet, avec leur contenu en 
sucres élevées et leur disposition ordonnée – donc non naturelle – les transplants peuvent être 
particulièrement attirant pour les insectes herbivores (Brodbeck et al. 1990, Minkenberg & 
Ottenheim 1990, Zedler 2000). Ce résultat met en évidence le besoin de contrôler les 
ravageurs autant avant (i.e. dans les serres) qu’après la transplantation des plants afin d’éviter 
l’introduction d’espèces pathogènes dans les populations sauvages (Haskins & Pence 2012), 
de même que pour augmenter les chances de survie des plants nouvellement transplantés in 
situ (Maschinski et al. 2012b).  
Notre étude a également permis de comprendre qu’une transplantation dans des 
habitats inadaptés aux besoins du carex faux-lupulina a causé la perte de nombreux 
transplants : une humidité du sol trop élevée, notamment dans des sites s’apparentant plus à 
des marais qu’à des marécages, de même qu’une lumière disponible trop basse, auraient été 
fatales pour plusieurs transplants. En effet, peu de plants sauvages (31) étaient connus lors des 
premiers essais de réintroduction du carex faux-lupulina en 2006, et par conséquent la 
compréhension de leur niche écologique était biaisée. Nos résultats ont également démontré 
qu’un sol plus humide (mais ne dépassant pas la limite tolérée par l’espèce, tel que démontré 
par les analyses sur la survie) et une luminosité plus élevée stimulent la vigueur des plants, 
autant au niveau de la croissance que de l’allocation des ressources vers la reproduction. Ces 
résultats ont souligné l’importance de planifier des expériences parallèles aux essais de 
réintroduction, particulièrement lorsque les besoins de l’espèce cible sont méconnus 
(Maschinski et al. 2012a).  
Le troisième chapitre de ce mémoire présentait également une évaluation du succès du 
programme de réintroduction du carex faux-lupulina. Cette évaluation était basée sur des 
critères recommandés par des experts du domaine, soit l’établissement de nouvelles 
populations pouvant persister dans le temps sans intervention humaine (Monks et al. 2012). 
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Or, en 2015, dans les populations réintroduites sensu stricto ou augmentées, assez de 
nouveaux plants de carex faux-lupulina avaient été découverts entre 2005 et 2013 pour 
sextupler le nombre de plants connus au Québec. Aussi, une nouvelle population a été établie 
sur un site de réintroduction s.s, là où des plants sauvages n’avaient jamais été observés à 
moins d’un kilomètre. Toutefois, comme dans les autres sites la plupart des plants découverts 
sont à proximité de populations sauvages, il est impossible d’affirmer qu’ils sont issus des 
semences produites par nos transplants. De même, la majorité de ces plants ont été découverts 
trop récemment pour affirmer que les populations du carex faux-lupulina persisteront à long 
terme (Westwood et al. 2014). Ainsi, il a été conclu que malgré des signes très encourageants, 
le succès biologique de notre programme de réintroduction ne peut être confirmé. Malgré tout, 
notre étude a contribué directement à l’amélioration des techniques de réintroduction en 
déterminant les facteurs favorisant la survie et la vigueur du carex faux-lupulina, et peut de ce 
fait être considérée comme un projet réussi (Pavlik 1996).    
Malgré ces bons signes de rétablissement des populations du carex faux-lupulina, le 
nombre de populations de l’espèce connues au Québec (5) reste très faible. Par conséquent, 
nous nous devons de poursuivre le suivi de ces populations et les efforts de conservation de 
l’espèce. Éventuellement, si de nouveaux sites adéquats pour l’espèce sont découverts, il 
pourrait être intéressant de tester l’utilisation des semences plutôt que de transplants comme 
propagules de réintroduction. En effet, les hauts taux de germination observés en serres et la 
contribution des nouveaux plants issus de semences – et non les transplants eux-mêmes – aux 
effectifs actuels, laissent croire que cette technique pourrait être efficace pour l’espèce. 
Toutefois, sachant que jusqu’à 85 % des milieux humides du sud du Québec auraient été 
détruits depuis la colonisation (Pellerin & Poulin 2013), le potentiel d’expansion de l’espèce 
reste limité. Néanmoins, la création d’une nouvelle réserve de biodiversité sur la rivière 
Richelieu (réserve de biodiversité Samuel-De Champlain; MDDELCC 2011) pourrait faciliter 
la restauration des populations québécoises du carex faux-lupulina. Si aucune mesure n’était 
prise pour protéger ou restaurer les milieux humides du sud du Québec, il est possible que la 
survie à long terme des populations québécoises du carex faux-lupulina ne soit jamais 
garantie.  
Au cours de recherches futures, il pourrait être intéressant de déterminer des marqueurs 
génétiques dans l’optique de d’évaluer les liens entre les différentes populations québécoises 
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et d’ainsi de mieux comprendre les patrons de dispersion de l’espèce. Connaître ces patrons 
permettrait entre autres de mieux comprendre les raisons derrière la rareté de l’espèce, et 
possiblement de réintroduire des populations dans des sites stratégiques facilitant la 
reproduction et la dispersion de l’espèce. Également, la niche écologique de germination du 
carex faux-lupulina reste encore mal comprise. En effet, alors qu’il est maintenant admis que 
l’espèce a besoin de lumière pour germer, des plants adultes (trop distants d’autres plants pour 
être issus de reproduction végétative) ont été trouvés dans des milieux extrêmement 
compétitifs au niveau de la lumière. Il pourrait donc être intéressant de mettre en place des 
expériences de germination in situ (Annexe F). Quoi qu’il en soit, dans un futur rapproché, les 
efforts pourraient n’être concentrés que sur le suivi des populations connues et la poursuite des 
recherches de nouvelles populations, dont la survie et la présence nous mettent directement au 
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Annexe A – suite 
 
  
Figure A2. Fructification de Carex lupuliformis. Photo : Annabelle Langlois 
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Figure A3 – Achaine du Carex lupulina (gauche) et du Carex lupuliformis (droite). Photo : 
Stéphanie Pellerin, tirée de COSEWIC (2011).  
Appendix B-I 
 




LÉGENDE      
 
Bloc 1    Bloc 2   
1 :  6pap    12 1 3 11  4 1 5 11 
2 :  6sand    9 2 8 10  9 12 2 8 
3 :  6plas    6 7 4 5  3 6 10 7 
4 :  1pap    11 5 4 7  7 10 6 8 
5 :  1sand    6 8 3 9  9 4 2 3 
6 :  1plas    12 1 10 2  11 12 5 1 
7 :  5pap             
8 :  5sand   
 
Bloc 3    Bloc 4   
9 :  5plas   
 
1 12 7 9  12 4 11 1 
10 : :  0pap   
 
2 8 3 4  2 6 7 8 
11 :  0plas   
 
6 5 10 11  10 3 5 9 
12 :  Fresh   
 
4 6 5 10  7 6 8 2 
        
 
3 2 1 12  1 4 5 11 
SCAR      
 
9 8 7 11  10 12 3 9 
N. SCAR      
 
       
        
 
Bloc 5      
      
 
6 8 4 9    
      
 
1 10 12 5    
        
 
2 7 11 3    
        
 
1 2 10 6    
        
 
12 3 11 5    
        
 
7 4 9 8    
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Appendix B-II 	
Results of ANOVAs (tests 1, 2 and 3) and contrasts (test 4) at final time. 
 
 
F DF DDF p 
Statistical test 1: Stratification treatments x Scarification 
TREATMENT 22.9345 11 44 < 0.0001 
SCARIFICATION 0.0964 1 4 0.7717 
TREATMENT * SCARIFICATION 0.8452 11 44 0.5975 
  
  
 Statistical test 2: Stratification duration x Stratification container x Scarification 
DURATION 13.6306 2 8 0.0026 
CONTAINER 65.3600 2 8 < 0.0001 
SCARIFICATION 0.4828 1 4 0.5254 
DURATION * CONTAINER 18.7794 4 16 < 0.0001 
DURATION * SCARIFICATION 0.2821 2 8 0.7614 
CONTAINER * SCARIFICATION 0.1234 2 8 0.8856 
DURATION * CONTAINER * SCARIFICATION 0.9242 4 16 0.4742 
  
  
 Statistical test 3: Light 
LIGHT 34.9322 8 32 < 0.0001 
  
  
 Statistical test 4 : Stratification 
STRATIFICATION NA 1 44 0.0021 









F DFn DFd p 
Statistical test 1: Stratification treatments x Scarification    
TREATMENT * TIME 12.8705 33.273 290.38 < 0.0001 
SCARIFICATION * TIME 8.2164 3.0248 290.38 < 0.0001 
TREATMENT * SCARIFICATION * TIME 1.0252 33.273 290.38 0.4346 
  
  
 Statistical test 2: Stratification duration x Stratification container x Scarification 
DURATION * TIME 11.2750 6.4209 231.15 < 0.0001 
CONTAINER * TIME 21.6786 6.4209 231.15 < 0.0001 
SCARIFICATION * TIME 7.1276 3.2105 231.15 < 0.0001 
DURATION * CONTAINER * TIME 8.0756 12.842 231.15 < 0.0001 
DURATION * SCARIFICATION * TIME 1.6526 6.4209 231.15 0.1285 
CONTAINER * SCARIFICATION * TIME 1.5454 6.4209 231.15 0.1594 
DURATION * CONTAINER * SCARIFICATION * TIME 0.4165 12.842 231.15 0.9621 
  
  
 Statistical test 3: Light     
LIGHT * TIME 25.1055 21.702 219.74 < 0.0001 
     
Appendix C 
        
          Description of the mean annual vigour and age of transplanted and wild false hop sedge individuals. Names of 
individuals are composed of the trial during which they were transplanted (or wild site in the case of wild plants) and 
of their unique reference number. See Table I and II in chapter 3 for the description of the codes of the reintroduction 
trials and wild sites. Height = Mean height (cm); Shoots = Mean total number of shoots; Fruit. = Mean number of 
fruiting shoots. An asterisk after the age means the plant is still alive.  
          PLANT HEIGHT SHOOTS FRUIT. AGE PLANT HEIGHT SHOOTS FRUIT. AGE 
MRER0675 77 7 0 3 STB09644 113 31 12 6* 
MRER0676 81 4 0 3 STB09645 38 5 1 2 
MRER0677 57 6 0 2 STB09646 104 27 10 5* 
MRER0678 39 44 0 2 STB09647 119 36 12 4 
MRER0679 55 6 0 2 STB09648 87 9 0 1 
MRER0680 73 9 0 2 STB09649 84 14 0 1 
MRER0681 NA NA NA 0 STB09650 96 21 7 5* 
MRER0682 NA NA NA 0 STB09651 96 16 4 2 
MRER0683 NA NA NA 0 STB09652 91 16 0 1 
MRER0684 NA NA NA 0 STB09653 81 8 0 1 
MRER0685 NA NA NA 0 STB09654 24 1 0 1 
MRER0686 NA NA NA 0 STB09655 55 2 0 1 
MRER0687 72 9 0 1 STB09656 57 7 0 1 
MRER0688 72 5 0 3 STB09657 81 18 0 1 
MRER0689 NA NA NA 0 STB09658 95 14 0 1 
MRER0690 89 10 0 3 STB09659 43 8 0 2 
MRER0691 NA NA NA 0 STB09660 74 9 0 1 
MRER0692 NA NA NA 0 STB09661 73 9 0 3 
MRER0693 NA NA NA 0 STB09662 73 15 0 1 
MRER0694 NA NA NA 0 STB09663 86 17 5 6* 
MRER0695 94 9 0 3 STB09664 103 23 7 6* 
MRER0696 78 11 0 4 STB09665 68 6 0 6* 
MRER0697 71 18 0 1 STB09666 99 10 1 5 
MRER0698 78 17 0 1 STB09667 83 6 0 3 
MRER0699 45 3 0 4 STB09668 99 18 1 3 
MRER06100 NA NA NA 0 SAB061 62 10 5 2 
MRER6101 NA NA NA 0 SAB062 50 3 0 2 
MRER06102 NA NA NA 0 SAB063 66 3 0 2 
MRER06103 NA NA NA 0 SAB064 75 8 0 5 
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Appendix C – continued  
                PLANT HEIGHT SHOOTS FRUIT. AGE PLANT HEIGHT SHOOTS FRUIT. AGE 
MRER06104 NA NA NA 0 SAB065 66 10 1 2 
MRER06105 NA NA NA 0 SAB066 55 10 3 3 
MRER06106 NA NA NA 0 SAB067 68 9 0 2 
MRER06107 NA NA NA 0 SAB068 60 5 2 2 
MRER06108 NA NA NA 0 SAB069 68 15 2 2 
MRER06109 NA NA NA 0 SAB0610 48 15 4 2 
MRER06110 NA NA NA 0 SAB0611 33 5 1 2 
MRER06111 NA NA NA 0 SAB0612 49 14 1 1 
MRER06112 NA NA NA 0 SAB0613 51 8 1 3 
MRER06113 NA NA NA 0 SAB0614 50 9 0 4 
MRER06114 NA NA NA 0 SAB0615 69 12 5 1 
MRER06115 NA NA NA 0 SAB0616 NA NA NA 0 
MRER06116 NA NA NA 0 SAB0617 25 3 0 1 
MRER06117 61 3 0 2 SAB0618 58 7 1 1 
MRER06118 76 8 0 5 SAB0619 59 2 0 3 
MRER06119 NA NA NA 0 SAB0620 68 14 4 1 
MRER06120 NA NA NA 0 SAB0621 33 1 0 1 
MRER06121 NA NA NA 0 SAB0622 25 6 3 1 
MRER06122 71 2 0 2 SAB0623 46 5 2 1 
MRER06123 NA NA NA 0 SAB0624 NA NA NA 0 
MRER06124 72 12 0 3 SAB0625 51 5 4 1 
MRER06125 NA NA NA 0 SAB0626 46 2 2 1 
MRER06126 NA NA NA 0 SAB0627 42 5 0 1 
MRER06127 94 8 1 4 SAB0628 36 2 0 1 
MRER06128 NA NA NA 0 SAB0629 40 4 0 1 
MRER06129 NA NA NA 0 SAB0630 54 20 2 1 
MRER06130 53 2 0 2 SAB0631 56 4 1 8 
MRER06131 NA NA NA 0 SAB0632 31 7 1 1 
MRER06132 NA NA NA 0 SAB0633 77 10 0 1 
MRER06133 NA NA NA 0 SAB0634 78 15 2 5 
MRER06134 79 4 0 6 SAB0635 34 2 0 1 
MRER06135 83 4 0 3 SAB0636 36 3 2 1 
MRER06136 76 4 0 9* SAB0637 35 5 0 1 
MRER06137 54 7 0 2 SAB0638 53 5 1 5 
MRER06138 82 7 0 2 SAB0639 74 15 1 1 
MRER07a756 83 8 0 3 SAB0640 84 9 1 1 
MRER07a757 68 7 1 3 SAB0641 54 12 0 1 
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Appendix C – continued  
      
          PLANT HEIGHT SHOOTS FRUIT. AGE PLANT HEIGHT SHOOTS FRUIT. AGE 
MRER07a758 66 16 0 1 SAB0642 68 5 4 1 
MRER07a759 63 3 0 6 SAB0643 35 4 1 9* 
MRER07a760 42 2 0 2 SAB0644 49 47 7 3* 
MRER07a761 62 5 0 3 SAB0645 44 4 2 6 
MRER07a762 79 3 0 2 SAB0646 24 3 1 1 
MRER07a763 81 5 1 2 SAB0647 41 1 1 1 
MRER07a764 64 3 0 3 SAB0648 29 3 0 2 
MRER07a765 48 6 0 2 SAB0649 52 3 1 5* 
MRER07a766 NA NA NA 0 SAB0650 38 3 1 8 
MRER07a767 54 3 0 2 SAB0651 70 5 0 1 
MRER07a768 72 7 1 2 SAB0652 55 2 1 1 
MRER07a769 83 5 0 2 SAB0653 59 6 1 6 
MRER07a770 NA NA NA 0 SAB0654 59 5 0 1 
MRER07a771 105 5 1 2 SAB0655 38 6 2 3 
MRER07a772 NA NA NA 0 SAB0656 32 5 0 4 
MRER07a773 66 3 0 4 SAB0657 NA NA NA 0 
MRER07a774 NA NA NA 0 SAB0658 45 11 1 1 
MRER07a775 NA NA NA 0 SAB0659 64 15 0 1 
MRER07a776 72 5 0 2 SAB0660 43 7 0 1 
MRER07a777 113 14 2 2 SAB0661 29 8 0 1 
MRER07a778 114 9 3 2 SAB0662 60 17 2 1 
MRER07a779 101 11 2 2 SAB0663 42 9 0 1 
MRER07a780 NA NA NA 0 SAB0664 28 3 0 3 
MRER07a781 69 7 0 3 OKA08901 NA NA 1 7* 
MRER07a782 61 5 0 3 OKA08902 NA NA NA 0 
MRER07a783 41 1 0 1 OKA08903 NA NA 3 6* 
MRER07a784 24 3 0 1 OKA08904 NA NA NA 0 
MRER07a785 76 5 0 3 OKA08905 NA NA 0 4 
MRER07b801 NA NA NA 0 OKA08906 NA NA NA 0 
MRER07b802 NA NA NA 0 OKA08907 NA NA 1 7* 
MRER07b803 NA NA NA 0 OKA08908 NA NA 1 4 
MRER07b804 NA NA NA 0 OKA08909 NA NA 1 6* 
MRER07b805 85 6 0 1 OKA08910 NA NA 1 6 
MRER07b806 NA NA NA 0 OKA08911 NA NA 0 3 
MRER07b807 77 4 0 1 OKA08912 NA NA 2 4 
MRER07b808 94 7 0 1 OKA08913 NA NA 2 7* 
MRER07b809 100 9 0 1 OKA08914 NA NA 2 6 
	 xx	
Appendix C – continued  
      
          PLANT HEIGHT SHOOTS FRUIT. AGE PLANT HEIGHT SHOOTS FRUIT. AGE 
MRER07b810 NA NA NA 0 OKA08915 NA NA 0 6 
MRER07b811 NA NA NA 0 OKA08916 NA NA 2 6 
MRER07b812 NA NA NA 0 OKA08917 NA NA 2 7* 
MRER07b813 112 13 4 3 OKA08918 NA NA 1 4 
MRER07b814 111 19 4 2 OKA08919 NA NA 2 4 
MRER07b815 104 35 9 3 OKA08920 NA NA 1 7* 
MRER07b816 106 10 0 3 OKA08921 NA NA 1 7* 
MRER07b817 113 10 3 3 OKA08922 NA NA 1 6 
MRER07b818 NA NA NA 0 OKA08923 NA NA NA 0 
MRER07b819 NA NA NA 0 OKA08924 NA NA NA 0 
MRER07b820 NA NA NA 0 OKA08925 NA NA 1 5 
MRER07b821 NA NA NA 0 OKA08926 NA NA 1 5 
MRER07b822 NA NA NA 0 OKA08927 NA NA 3 5 
MRER07b823 NA NA NA 0 OKA10a203 NA NA 13 2 
MRER07b824 NA NA NA 0 OKA10a204 NA NA 10 3 
MRER07b825 NA NA NA 0 OKA10a205 NA NA 29 2 
MRER07b826 115 3 3 1 OKA10a209 NA NA 16 2 
MRER07b827 90 7 3 1 OKA10a210 NA NA 9 2 
MRER07b828 121 25 5 3 OKA10a211 NA NA 13 2 
MRER07b829 118 21 6 3 OKA10a212 NA NA 20 2 
MRER07b830 105 15 0 3 OKA10a582 NA NA 4 2 
MCG06139 44 10 0 3 OKA10a583 NA NA NA 0 
MCG06140 NA NA NA 0 OKA10a584 NA NA 2 2 
MCG06141 NA NA NA 0 OKA10a585 NA NA 16 2 
MCG06142 NA NA NA 0 OKA10a586 NA NA 22 4 
MCG06143 NA NA NA 0 OKA10a587 NA NA 22 2 
MCG06144 NA NA NA 0 OKA10a588 NA NA 3 3 
MCG06145 NA NA NA 0 OKA10a589 NA NA 15 2 
MCG06146 31 1 0 1 OKA10a590 NA NA 13 2 
MCG06147 108 18 5 3 OKA10a687 NA NA 4 2 
MCG06148 102 21 6 4 OKA10a688 NA NA 3 2 
MCG06149 88 24 1 4 OKA10a689 NA NA 6 2 
MCG06150 83 13 1 4 OKA10a690 NA NA 11 2 
MCG06151 65 8 0 2 OKA10a691 NA NA 2 2 
MCG06152 70 12 0 1 OKA10a692 NA NA NA 0 
MCG06153 58 4 0 1 OKA10a693 NA NA 20 2 
MCG06154 65 12 1 4 OKA10a694 NA NA 20 2 
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Appendix C – continued  
      
          PLANT HEIGHT SHOOTS FRUIT. AGE PLANT HEIGHT SHOOTS FRUIT. AGE 
MCG06155 76 10 1 5 OKA10a695 NA NA 18 3 
MCG06156 61 4 0 6 OKA10a696 NA NA 17 3 
MCG06157 56 2 0 1 OKA10a697 NA NA 17 4 
MCG06158 96 7 0 1 OKA10a698 NA NA 17 2 
MCG06159 42 8 0 1 OKA10a699 NA NA 3 2 
MCG06160 54 10 0 1 OKA10a700 NA NA 17 2 
MCG06161 35 5 0 2 OKA10b206 NA NA NA 0 
MCG06162 54 3 0 4 OKA10b207 NA NA NA 0 
MCG06163 53 5 0 1 OKA10b591 NA NA NA 0 
MCG06164 81 13 0 1 OKA10b592 NA NA NA 0 
MCG06165 50 4 0 1 OKA10b593 NA NA NA 0 
MCG06166 58 7 0 1 OKA10b594 NA NA NA 0 
MCG06167 44 5 0 1 OKA10b595 NA NA NA 0 
MCG06168 67 19 0 1 OKA10b596 NA NA 4 2 
MCG06169 52 9 0 1 OKA10b597 NA NA NA 0 
MCG06170 46 5 0 1 OKA10b598 NA NA NA 0 
MCG06171 35 2 0 1 OKA10b599 NA NA NA 0 
MCG06172 80 6 1 1 OKA10b600 NA NA NA 0 
MCG06173 89 10 3 1 OKA10b670 NA NA NA 0 
MCG06174 92 18 2 1 OKA10b671 NA NA NA 0 
MCG06175 109 14 4 1 OKA10b672 NA NA NA 0 
MCG06176 63 9 1 1 OKA10b673 NA NA NA 0 
MCG06177 85 6 1 1 OKA10b674 NA NA NA 0 
MCG06178 100 16 0 1 OKA10b675 NA NA NA 0 
MCG06179 79 6 1 1 OKA10b676 NA NA NA 0 
MCG06180 44 2 0 4 OKA10b677 NA NA NA 0 
MCG06181 42 3 0 1 OKA10b678 NA NA NA 0 
MCG06182 NA NA NA 0 OKA10b679 NA NA NA 0 
MCG06183 NA NA NA 0 OKA10b680 NA NA NA 0 
MCG06184 NA NA NA 0 OKA10b686 NA NA NA 0 
MCG06185 NA NA NA 0 OKA10b840 NA NA NA 0 
MCG06186 NA NA NA 0 OKA10b841 NA NA NA 0 
MCG06187 NA NA NA 0 OKA10b842 NA NA NA 0 
MCG06188 49 3 0 2 OKA10b843 NA NA NA 0 
MCG06189 84 4 1 2 OKA10b844 NA NA NA 0 
MCG06190 NA NA NA 0 OKA10b845 NA NA NA 0 
MCG06191 NA NA NA 0 MCGNAT799 NA 4 0 2 
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Appendix C – continued  
      
          PLANT HEIGHT SHOOTS FRUIT. AGE PLANT HEIGHT SHOOTS FRUIT. AGE 
MCG06192 87 21 1 1 MCGNAT800 80 12 1 9* 
MCG06193 31 2 0 1 MCGNAT801 NA 11 7 1 
MCG06194 42 2 0 1 MCGNAT802 106 15 6 8* 
MCG06195 102 20 0 1 MCGNAT803 50 10 4 2 
MCG06196 66 5 0 1 MCGNAT804 94 10 6 2 
MCG06197 48 3 0 1 MCGNAT805 93 4 2 NA 
MCG06198 88 16 1 1 MCGNAT806 NA 13 4 1 
MCG06199 65 2 1 1 MCGNAT807 97 12 9 2 
MCG06200 64 7 2 3 MCGNAT808 80 8 1 3 
MCG06201 52 8 1 2 MCGNAT809 NA 40 10 1 
MCG06202 61 14 3 2 MCGNAT810 NA NA NA 1 
MCG08501 NA NA NA 0 MCGNAT832 NA 2 0 2 
MCG08502 NA NA NA 0 MCGNAT998 85 9 5 4* 
MCG08503 NA NA NA 0 MCGNAT999 107 24 14 4* 
MCG08504 NA NA NA 0 MCGNAT1000 95 14 6 4* 
MCG08505 NA NA NA 0 MCGNAT846 88 10 4 2* 
MCG08506 NA NA NA 0 MCGNAT847 76 7 2 2* 
MCG08507 NA NA NA 0 MCGNAT848 103 14 5 2* 
MCG08508 NA NA NA 0 MCGNAT849 115 20 11 2* 
MCG08509 NA NA NA 0 MCGNAT850 102 10 3 2* 
MCG08510 NA NA NA 0 MCGNAT851 103 19 11 2* 
MCG08511 NA NA NA 0 MCGNAT852 92 11 2 2* 
MCG08512 NA NA NA 0 MCGNAT853 116 18 9 2* 
MCG08513 NA NA NA 0 MCGNAT854 107 12 5 2* 
MCG08514 NA NA NA 0 MCGNAT855 91 10 2 2* 
MCG08515 NA NA NA 0 MCGNAT856 90 9 3 2* 
MCG08516 NA NA NA 0 MCGNAT857 89 12 5 2* 
MCG08517 NA NA NA 0 MCGNAT858 114 25 10 2* 
MCG08518 NA NA NA 0 MCGNAT859 101 13 6 2* 
MCG08519 NA NA NA 0 MCGNAT860 89 10 4 2* 
MCG08520 NA NA NA 0 MCGNAT861 96 19 5 2* 
MCG08521 71 4 0 3 MCGNAT862 101 27 9 2* 
MCG08522 NA NA NA 0 MCGNAT863 105 21 7 2* 
MCG08523 NA NA NA 0 MCGNAT893 103 13 7 2* 
MCG08524 92 7 0 1 MCGNAT894 107 29 9 2* 
MCG08525 NA NA NA 0 MCGNAT895 98 18 12 2* 
MCG08526 NA NA NA 0 MCGNAT896 102 15 6 2* 
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Appendix C – continued  
      
          PLANT HEIGHT SHOOTS FRUIT. AGE PLANT HEIGHT SHOOTS FRUIT. AGE 
MCG08527 NA NA NA 0 MCGNAT988 98 11 6 2* 
MCG08528 NA NA NA 0 MCGNAT989 90 9 4 2* 
MCG08529 NA NA NA 0 MCGNAT990 73 45 12 2* 
MCG08530 NA NA NA 0 MCGNAT991 100 9 3 2* 
MCG08531 NA NA NA 0 MCGNAT992 108 20 10 2* 
MCG08532 NA NA NA 0 MCGNAT993 84 16 5 2* 
MCG08533 NA NA NA 0 MCGNAT994 118 31 17 2* 
MCG08534 NA NA NA 0 MCGNAT995 104 8 2 2* 
MCG08535 NA NA NA 0 MCGNAT996 92 11 7 2* 
MCG08536 NA NA NA 0 MCGNAT701 100 2 1 1* 
MCG08537 NA NA NA 0 MCGNAT702 116 12 4 1* 
MCG08538 NA NA NA 0 MCGNAT703 105 9 3 1* 
MCG08539 NA NA NA 0 MCGNAT704 108 15 5 1* 
MCG08540 NA NA NA 0 MCGNAT705 106 8 1 1* 
MCG08541 NA NA NA 0 MCGNAT706 110 10 1 1* 
MCG08542 NA NA NA 0 MCGNAT707 91 7 5 1* 
MCG08543 88 9 0 1 MCGNAT708 96 16 2 1* 
MCG08544 NA NA NA 0 MCGNAT709 105 19 2 1* 
MCG08545 33 5 0 3 MCGNAT710 99 11 2 1* 
MCG08546 72 9 1 2 MCGNAT711 102 9 5 1* 
MCG08547 NA NA NA 0 MCGNAT712 94 14 4 1* 
MCG08548 NA NA NA 0 MCGNAT713 92 11 3 1* 
MCG08549 120 8 1 1 MCGNAT714 78 13 5 1* 
MCG08550 NA NA NA 0 MCGNAT715 116 17 7 1* 
MCG08551 65 8 0 3 MCGNAT716 100 10 2 1* 
MCG08552 60 7 1 5 MCGNAT717 95 16 2 1* 
MCG08553 28 2 0 1 MCGNAT718 94 17 1 1* 
MCG08554 71 6 0 3 MCGNAT719 122 15 3 1* 
MCG08555 NA NA NA 0 MCGNAT720 105 5 2 1* 
MCG08556 NA NA NA 0 MCGNAT721 93 8 1 1* 
MCG08557 NA NA NA 0 MCGNAT722 101 16 5 1* 
MCG08558 NA NA NA 0 MCGNAT723 93 9 2 1* 
MCG08559 NA NA NA 0 MCGNAT724 124 19 12 1* 
MCG08560 NA NA NA 0 MCGNAT725 92 12 6 1* 
MCG08561 69 4 0 5 MCGNAT726 112 18 4 1* 
MCG08562 63 6 0 2 MCGNAT727 107 37 5 1* 
MCG08563 NA NA NA 0 MCGNAT728 102 23 5 1* 
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Appendix C – continued  
      
          PLANT HEIGHT SHOOTS FRUIT. AGE PLANT HEIGHT SHOOTS FRUIT. AGE 
MCG08564 NA NA NA 0 MCGNAT729 104 25 9 1* 
MCG08565 NA NA NA 0 MCGNAT730 109 31 16 1* 
MCG08566 NA NA NA 0 MCGNAT731 100 30 9 1* 
MCG08567 72 9 0 2 MCGNAT732 99 15 4 1* 
MCG08568 NA NA NA 0 MCGNAT733 90 14 2 1* 
MCG08569 81 6 1 2 MCGNAT734 78 14 4 1* 
MCG08570 NA NA NA 0 STBNAT935 110 21 6 3 
MCG08571 28 5 0 1 STBNAT955 126 15 5 1 
MCG08572 90 7 0 1 STBNAT956 114 8 3 1 
MCG08573 NA NA NA 0 STBNAT957 105 7 3 2* 
MCG08574 NA NA NA 0 STBNAT958 122 13 3 1 
MCG08575 NA NA NA 0 STBNAT899 110 11 3 1 
MCG08576 NA NA NA 0 STBNAT544 131 40 16 1* 
MCG08577 NA NA NA 0 STBNAT543 130 41 13 1* 
MCG08578 NA NA NA 0 STBNAT542 104 10 2 1* 
MCG08579 NA NA NA 0 STBNAT541 90 5 3 1* 
MCG08580 41 1 0 2 STBNAT545 123 7 1 1* 
MCG08581 NA NA NA 0 STBNAT546 126 18 3 1* 
STB0615 NA NA NA 0 STBNAT547 119 11 4 1* 
STB0616 101 13 4 2 STBNAT548 129 75 37 1* 
STB0617 NA NA NA 0 STBNAT549 102 24 7 1* 
STB0618 NA NA NA 0 STBNAT550 116 32 16 1* 
STB0619 NA NA NA 0 STBNAT551 93 15 7 1* 
STB0620 NA NA NA 0 STBNAT552 107 10 1 1* 
STB0621 NA NA NA 0 STBNAT553 106 14 3 1* 
STB0622 105 66 17 3 STBNAT554 110 11 1 1* 
STB0623 NA NA NA 0 STBNAT555 97 15 7 1* 
STB0624 NA NA NA 0 STBNAT556 125 13 6 1* 
STB0625 NA NA NA 0 STPNAT864 114 16 6 2* 
STB0626 NA NA NA 0 STPNAT865 116 5 3 2* 
STB0627 NA NA NA 0 STPNAT866 101 5 3 2* 
STB0628 NA NA NA 0 STPNAT867 82 5 3 2* 
STB0629 NA NA NA 0 STPNAT868 91 12 2 2* 
STB0630 NA NA NA 0 STPNAT869 93 6 1 2* 
STB0631 NA NA NA 0 STPNAT870 104 19 7 2* 
STB0632 123 33 4 3 STPNAT871 108 9 4 2* 
STB0633 94 25 2 3 STPNAT872 111 23 6 2* 
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          PLANT HEIGHT SHOOTS FRUIT. AGE PLANT HEIGHT SHOOTS FRUIT. AGE 
STB0634 NA NA NA 0 STPNAT873 91 16 5 2* 
STB0635 NA NA NA 0 STPNAT874 97 13 4 2* 
STB0636 NA NA NA 0 STPNAT875 105 13 5 2* 
STB0637 NA NA NA 0 STPNAT876 98 17 4 2* 
STB0638 NA NA NA 0 STPNAT877 86 9 4 2* 
STB0639 NA NA NA 0 STPNAT878 108 19 4 2* 
STB0640 NA NA NA 0 STPNATN1 91 6 2 1* 
STB0641 NA NA NA 0 MRERNAT1 101 17 9 11* 
STB0642 NA NA NA 0 MRERNAT2 93 14 1 1 
STB0643 NA NA NA 0 MRERNAT3 126 29 8 5 
STB0644 113 24 2 3 MRERNAT4 120 35 9 11* 
STB0645 NA NA NA 0 MRERNAT5 NA 99 8 3 
STB0646 NA NA NA 0 MRERNAT6 NA 82 6 3 
STB0647 NA NA NA 0 MRERNAT7 95 31 8 6 
STB0648 NA NA NA 0 MRERNAT8 111 7 0 5 
STB0649 NA NA NA 0 MRERNAT9 110 16 7 6 
STB0650 NA NA NA 0 MRERNAT10 NA NA NA 1 
STB0651 NA NA NA 0 MRERNAT11 NA 6 0 2 
STB0652 NA NA NA 0 MRERNAT12 NA NA NA 1 
STB0653 NA NA NA 0 MRERNAT13 NA NA NA 2 
STB0654 NA NA NA 0 MRERNAT14 NA 2 1 3 
STB0655 NA NA NA 0 MRERNAT15 65 5 0 4 
STB0656 NA NA NA 0 MRERNAT16 95 19 5 2 
STB0657 NA NA NA 0 MRERNAT17 91 18 4 6 
STB0658 NA NA NA 0 MRERNAT18 68 6 1 NA 
STB0659 73 4 0 1 MRERNAT19 NA 13 3 2 
STB0660 NA NA NA 0 MRERNAT21 41 4 0 4 
STB0661 NA NA NA 0 MRERNAT22 112 31 13 10 
STB0662 NA NA NA 0 MRERNAT23 NA NA NA 1 
STB0663 NA NA NA 0 MRERNAT24 NA 16 4 3 
STB0664 NA NA NA 0 MRERNAT925 86 10 5 6 
STB0665 NA NA NA 0 MRERNAT926 NA 35 1 1 
STB0666 NA NA NA 0 MRERNAT927 110 35 11 9* 
STB0667 NA NA NA 0 MRERNAT928 96 37 18 2 
STB0668 NA NA NA 0 MRERNAT929 101 21 11 2 
STB0669 NA NA NA 0 MRERNAT930 93 12 6 8* 
STB0670 NA NA NA 0 MRERNAT931 95 31 11 6 
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Appendix C – continued  
      
          PLANT HEIGHT SHOOTS FRUIT. AGE PLANT HEIGHT SHOOTS FRUIT. AGE 
STB0671 NA NA NA 0 MRERNAT932 117 24 14 3 
STB0672 NA NA NA 0 MRERNAT933 128 38 11 3 
STB0673 119 54 25 2 MRERNAT934 86 6 4 8* 
STB0674 107 42 23 2 MRERNAT833 124 35 14 4 
STB06301 NA NA NA 0 MRERNAT834 134 66 16 2 
STB06302 NA NA NA 0 MRERNAT835 112 30 12 5 
STB06303 NA NA NA 0 MRERNAT836 38 3 0 2 
STB06304 89 34 6 4 MRERNAT837 NA NA NA 1 
STB06305 99 29 6 4 MRERNAT838 64 20 14 4 
STB07701 84 8 0 1 MRERNAT839 99 39 10 6* 
STB07702 100 3 1 1 MRERNAT936 85 20 6 6* 
STB07703 110 7 2 1 MRERNAT937 106 26 8 3 
STB07704 92 14 1 2 MRERNAT938 102 21 9 4* 
STB07705 44 8 0 1 MRERNAT939 93 18 3 4* 
STB07706 106 15 5 3 MRERNAT940 103 32 8 4* 
STB07707 116 31 10 3 MRERNAT941 97 11 4 4* 
STB07708 NA NA NA 0 MRERNAT942 99 9 2 4* 
STB07709 NA NA NA 0 MRERNAT943 86 5 3 4* 
STB07710 NA NA NA 0 MRERNAT944 91 5 2 4* 
STB07711 NA NA NA 0 MRERNAT945 105 15 5 4* 
STB07712 NA NA NA 0 MRERNAT946 101 20 11 1 
STB07713 NA NA NA 0 MRERNAT947 104 18 1 1 
STB07714 NA NA NA 0 MRERNAT948 107 20 7 4* 
STB07715 NA NA NA 0 MRERNAT949 102 34 9 4* 
STB07716 NA NA NA 0 MRERNAT950 98 27 9 4* 
STB07717 NA NA NA 0 MRERNAT951 130 26 1 1 
STB07718 NA NA NA 0 MRERNAT952 126 11 3 1 
STB07719 NA NA NA 0 MRERNAT953 128 21 5 4* 
STB07720 NA NA NA 0 MRERNAT954 87 6 1 2 
STB07721 NA NA NA 0 MRERNAT601 100 17 5 3* 
STB07722 NA NA NA 0 MRERNAT900 104 13 1 3* 
STB07723 105 18 0 1 MRERNAT959 100 9 4 2* 
STB07724 NA NA NA 0 MRERNAT960 104 4 2 2* 
STB07725 135 22 6 1 MRERNAT961 80 3 2 2* 
STB07726 125 11 2 1 MRERNAT962 99 12 5 2* 
STB07727 115 31 4 1 MRERNAT963 102 14 5 2* 
STB07728 109 17 1 3 MRERNAT964 107 6 3 2* 
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Appendix C – continued  
      
          PLANT HEIGHT SHOOTS FRUIT. AGE PLANT HEIGHT SHOOTS FRUIT. AGE 
STB07729 62 14 0 2 MRERNAT965 114 12 5 2* 
STB07730 40 10 0 1 MRERNAT966 96 12 4 2* 
STB07731 105 25 5 2 MRERNAT967 92 19 9 2* 
STB07732 65 4 0 1 MRERNAT968 87 15 9 2* 
STB07733 101 26 3 2 MRERNAT969 104 33 12 2* 
STB07734 93 5 0 1 MRERNAT970 110 24 7 2* 
STB07735 109 35 2 3 MRERNAT971 95 29 13 2* 
STB07736 NA NA NA 0 MRERNAT972 97 11 5 2* 
STB07737 NA NA NA 0 MRERNAT973 108 17 10 2* 
STB07738 NA NA NA 0 MRERNAT974 100 17 3 1 
STB07739 NA NA NA 0 MRERNAT975 95 32 9 2* 
STB07740 90 6 0 1 MRERNAT976 100 31 9 2* 
STB07741 48 4 0 3 MRERNAT977 77 6 1 1 
STB07742 37 4 0 1 MRERNAT978 101 12 6 2* 
STB07743 NA NA NA 0 MRERNAT979 94 22 3 2* 
STB07744 29 1 0 1 MRERNAT980 123 32 13 2* 
STB07745 84 6 0 1 MRERNAT981 106 23 8 2* 
STB07746 94 24 0 4 MRERNAT982 111 53 15 2* 
STB07747 61 14 0 1 MRERNAT983 118 67 24 2* 
STB07748 NA NA NA 0 MRERNAT984 110 22 2 2* 
STB07749 94 22 3 1 MRERNAT985 109 16 8 2* 
STB07750 103 15 2 3 MRERNAT986 112 56 18 2* 
STB07751 75 16 0 2 MRERNAT987 109 17 6 2* 
STB07752 104 27 2 1 MRERNAT879 88 11 4 2* 
STB07753 107 33 9 1 MRERNAT880 107 14 7 2* 
STB07754 101 18 3 1 MRERNAT881 106 27 12 2* 
STB07755 NA NA NA 0 MRERNAT882 100 19 6 2* 
STB09609 107 5 0 1 MRERNAT883 90 3 1 2* 
STB09610 109 31 0 1 MRERNAT884 100 11 4 2* 
STB09611 101 25 0 1 MRERNAT885 83 3 3 2* 
STB09612 87 1 3 1 MRERNAT886 96 7 4 2* 
STB09613 54 3 0 1 MRERNAT887 107 52 16 2* 
STB09614 115 7 3 1 MRERNAT888 116 23 9 2* 
STB09615 110 23 5 6* MRERNAT889 106 12 6 2* 
STB09616 103 8 1 3 MRERNAT890 125 7 3 2* 
STB09617 82 14 1 2 MRERNAT891 118 52 19 2* 
STB09618 114 16 3 3 MRERNAT892 117 33 12 2* 
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Appendix C – continued  
      
          PLANT HEIGHT SHOOTS FRUIT. AGE PLANT HEIGHT SHOOTS FRUIT. AGE 
STB09619 111 25 2 3 MRERNAT897 90 6 1 2* 
STB09620 108 13 3 3 MRERNAT898 95 16 3 2* 
STB09621 98 13 3 6* MRERNAT605 104 23 1 1* 
STB09622 104 21 3 6* MRERNAT606 115 22 1 1* 
STB09623 91 16 0 1 MRERNAT607 123 19 5 1* 
STB09624 107 27 5 5 MRERNAT608 126 12 3 1* 
STB09625 103 17 3 5 MRERNAT609 111 36 14 1* 
STB09626 108 17 3 5 MRERNAT610 120 15 4 1* 
STB09627 50 4 0 1 MRERNAT611 107 30 5 1* 
STB09628 64 7 1 1 MRERNAT612 104 21 8 1* 
STB09629 103 16 0 1 MRERNAT613 99 13 8 1* 
STB09630 106 15 1 3 MRERNAT614 104 20 7 1* 
STB09631 108 17 2 3 MRERNAT615 92 29 5 1* 
STB09632 95 15 4 5 MRERNAT616 111 46 13 1* 
STB09633 NA NA NA 0 MRERNAT617 100 18 3 1* 
STB09634 99 11 0 1 MRERNAT618 102 10 3 1* 
STB09635 99 6 0 3 MRERNAT619 106 14 2 1* 
STB09636 106 16 1 1 MRERNAT620 109 14 4 1* 
STB09637 107 19 1 1 MRERNAT621 114 10 3 1* 
STB09638 36 6 0 3 MRERNAT622 111 52 9 1* 
STB09639 54 7 0 3 MRERNAT623 117 15 7 1* 
STB09640 109 17 6 3 MRERNAT624 123 19 4 1* 
STB09641 115 46 18 6* MRERNAT625 103 26 9 1* 
STB09642 114 31 12 6* MRERNAT626 98 6 2 1* 
STB09643 106 33 10 6* MRERNAT627 96 34 8 1* 
 










                         Description of the environment of transplanted and wild false hop sedge individuals. Names of individuals are composed 
of the trial during which they were transplanted (or wild site in the case of wild plants) and of their unique reference 
number. See Table I and II in chapter 3 for the description of the codes of the reintroduction trials and wild sites. Gr. = 
Survival group (transplants only; gr.1 = survived < 1 year, gr. 2 = survived 1-2 full years, gr. 3 = survived ≥ 3 years); 
Hum. = Soil humidity (%); Light = Available light (%); Height = Competition height (cm); Cover = Competition cover 
(%, class midpoint); Aphids = presence (1; at least once) or absence (0) of aphids. 
 
              PLANT GR. HUM. LIGHT HEIGHT COVER APHIDS PLANT GR. HUM. LIGHT HEIGHT COVER APHIDS 
MRER0675 3 57.56 8.83 10 37.5 1 STB09644 3 59.17 27.55 50 37.5 0 
MRER0676 3 64.42 4.62 10 37.5 0 STB09645 2 75.98 30.07 90 87.5 0 
MRER0677 2 55.95 5.12 15 37.5 0 STB09646 3 54.58 27.52 80 87.5 0 
MRER0678 2 55.49 6.04 15 37.5 0 STB09647 3 69.99 25.00 110 87.5 0 
MRER0679 2 58.85 7.37 15 37.5 1 STB09648 2 73.94 18.81 90 62.5 0 
MRER0680 2 56.02 11.21 15 62.5 0 STB09649 2 67.69 22.19 90 62.5 0 
MRER0681 1 59.84 10.14 20 62.5 0 STB09650 3 84.87 30.21 80 62.5 0 
MRER0682 1 59.26 7.84 10 37.5 0 STB09651 3 72.41 23.04 110 87.5 0 
MRER0683 1 61.13 5.88 17 37.5 0 STB09652 2 66.77 31.12 110 87.5 0 
MRER0684 1 60.48 6.68 10 15.0 0 STB09653 2 70.43 23.02 100 87.5 0 
MRER0685 1 57.02 6.28 10 37.5 0 STB09654 2 53.34 28.27 110 87.5 1 
MRER0686 1 52.67 5.35 10 62.5 0 STB09655 2 60.17 24.49 110 87.5 1 
MRER0687 2 60.01 4.17 10 15.0 0 STB09656 2 51.89 28.40 100 87.5 1 
MRER0688 3 62.41 4.81 15 37.5 0 STB09657 2 68.52 26.82 90 87.5 0 
MRER0689 1 59.82 3.31 10 15.0 0 STB09658 2 76.62 23.65 100 87.5 0 
MRER0690 3 56.85 5.84 20 62.5 0 STB09659 2 78.35 12.50 140 87.5 0 
MRER0691 1 55.84 5.49 10 37.5 0 STB09660 2 69.28 22.47 150 87.5 0 
MRER0692 1 55.26 5.68 7 37.5 0 STB09661 3 74.96 31.39 140 87.5 0 
MRER0693 1 53.54 5.49 20 37.5 0 STB09662 2 75.33 27.32 120 87.5 0 
MRER0694 1 59.83 5.13 12 37.5 0 STB09663 3 60.32 24.85 90 87.5 0 
MRER0695 3 60.00 5.31 5 37.5 1 STB09664 3 58.37 30.06 70 87.5 0 
MRER0696 3 54.27 5.86 10 62.5 0 STB09665 3 64.84 28.98 100 87.5 0 
MRER0697 2 52.25 8.20 7 37.5 1 STB09666 3 63.00 14.41 100 87.5 0 
MRER0698 2 50.94 6.32 10 62.5 1 STB09667 3 71.73 23.08 100 87.5 0 
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Appendix D – continued  
              PLANT GR. HUM. LIGHT HEIGHT COVER APHIDS PLANT GR. HUM. LIGHT HEIGHT COVER APHIDS 
MRER0699 3 50.19 5.76 5 37.5 0 STB09668 3 65.55 17.56 100 87.5 0 
MRER06100 1 56.22 9.11 5 37.5 0 SAB061 2 43.37 21.46 50 87.5 0 
MRER06101 1 51.59 5.53 5 62.5 0 SAB062 2 40.62 19.11 NA 62.5 0 
MRER06102 1 55.55 10.48 10 62.5 0 SAB063 2 39.27 17.78 20 37.5 1 
MRER06103 1 59.00 7.61 10 62.5 0 SAB064 3 38.25 22.22 45 62.5 1 
MRER06104 1 58.46 11.15 10 62.5 0 SAB065 2 38.19 25.56 35 62.5 0 
MRER06105 1 58.39 9.03 5 62.5 0 SAB066 3 38.20 21.60 30 87.5 0 
MRER06106 1 60.34 5.80 12 37.5 0 SAB067 2 44.56 30.18 40 62.5 0 
MRER06107 1 61.92 7.01 15 37.5 0 SAB068 2 36.92 22.42 15 87.5 0 
MRER06108 1 54.20 12.30 10 15.0 0 SAB069 2 37.03 24.04 35 37.5 0 
MRER06109 1 49.36 9.47 15 37.5 0 SAB0610 2 33.19 24.32 30 62.5 0 
MRER06110 1 47.80 9.82 15 37.5 0 SAB0611 2 40.01 27.70 40 37.5 0 
MRER06111 1 50.64 9.89 15 62.5 0 SAB0612 2 30.28 22.97 25 37.5 0 
MRER06112 1 51.60 9.17 15 37.5 0 SAB0613 3 34.04 26.80 35 37.5 0 
MRER06113 1 50.24 9.49 15 37.5 0 SAB0614 3 28.44 20.72 15 37.5 1 
MRER06114 1 56.08 12.04 10 62.5 0 SAB0615 2 37.28 28.15 45 62.5 0 
MRER06115 1 60.14 17.46 15 37.5 0 SAB0616 1 42.82 28.31 40 37.5 0 
MRER06116 1 58.85 8.83 10 62.5 0 SAB0617 2 35.07 22.70 15 62.5 1 
MRER06117 2 51.46 8.27 10 62.5 0 SAB0618 2 25.33 17.37 35 87.5 1 
MRER06118 3 58.80 11.05 10 62.5 0 SAB0619 3 37.94 18.16 25 37.5 1 
MRER06119 1 52.72 7.74 10 62.5 0 SAB0620 2 21.78 16.19 15 62.5 1 
MRER06120 1 58.86 4.63 15 62.5 0 SAB0621 2 30.70 19.69 30 15.0 1 
MRER06121 1 60.89 4.04 10 37.5 0 SAB0622 2 39.83 20.58 25 62.5 1 
MRER06122 2 61.90 5.94 15 37.5 0 SAB0623 2 32.26 19.69 10 15.0 1 
MRER06123 1 59.55 4.98 15 62.5 0 SAB0624 1 49.07 23.45 15 37.5 0 
MRER06124 3 62.61 5.57 10 37.5 0 SAB0625 2 29.57 21.51 30 15.0 1 
MRER06125 1 64.58 4.62 10 37.5 0 SAB0626 2 39.58 25.56 10 37.5 1 
MRER06126 1 53.70 6.59 15 62.5 0 SAB0627 2 28.54 21.25 20 15.0 1 
MRER06127 3 50.63 6.82 10 62.5 0 SAB0628 2 33.33 23.32 10 15.0 1 
MRER06128 1 54.03 5.10 10 62.5 0 SAB0629 2 36.12 21.80 60 62.5 1 
MRER06129 1 51.80 3.36 7 37.5 0 SAB0630 2 41.03 24.60 30 62.5 1 
MRER06130 2 52.30 3.39 10 15.0 0 SAB0631 3 36.96 23.23 25 87.5 1 
MRER06131 1 48.89 2.60 5 37.5 0 SAB0632 2 48.82 25.81 5 15.0 1 
MRER06132 1 50.18 2.60 10 37.5 0 SAB0633 2 40.96 15.51 40 62.5 1 
MRER06133 1 55.92 3.80 8 15.0 0 SAB0634 3 44.46 31.16 30 37.5 1 
MRER06134 3 52.99 8.40 10 37.5 0 SAB0635 2 36.89 22.20 10 15.0 1 
MRER06135 3 55.68 9.00 10 37.5 0 SAB0636 2 41.91 31.74 20 15.0 1 
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              PLANT GR. HUM. LIGHT HEIGHT COVER APHIDS PLANT GR. HUM. LIGHT HEIGHT COVER APHIDS 
MRER06136 3 57.93 2.79 10 37.5 0 SAB0637 2 35.12 25.12 15 37.5 1 
MRER06137 3 54.18 2.59 20 37.5 0 SAB0638 3 36.30 15.84 10 15.0 1 
MRER06138 2 50.63 2.79 10 37.5 0 SAB0639 2 38.18 13.76 5 15.0 1 
MRER07a756 3 48.11 5.29 20 37.5 0 SAB0640 2 39.32 11.56 5 15.0 1 
MRER07a757 3 53.10 4.14 20 15.0 1 SAB0641 2 34.97 11.46 35 37.5 1 
MRER07a758 2 52.80 5.06 30 3.0 0 SAB0642 2 21.91 11.92 10 37.5 1 
MRER07a759 3 50.01 3.69 0 0.0 0 SAB0643 3 20.51 11.25 10 37.5 1 
MRER07a760 2 57.57 4.00 0 0.0 0 SAB0644 3 12.89 9.38 15 37.5 1 
MRER07a761 3 47.38 5.56 0 0.0 0 SAB0645 3 13.79 8.75 10 15.0 1 
MRER07a762 2 50.72 6.99 30 37.5 0 SAB0646 2 14.07 9.38 10 15.0 1 
MRER07a763 2 55.94 5.57 0 0.0 1 SAB0647 2 13.92 8.30 5 15.0 1 
MRER07a764 3 60.01 2.50 5 15.0 0 SAB0648 2 13.14 7.23 5 15.0 1 
MRER07a765 2 55.73 2.08 10 62.5 1 SAB0649 3 11.77 6.97 15 15.0 1 
MRER07a766 1 49.36 4.18 10 37.5 0 SAB0650 3 13.05 6.97 5 15.0 1 
MRER07a767 2 58.42 3.53 20 37.5 0 SAB0651 2 19.12 6.31 10 15.0 1 
MRER07a768 2 49.93 4.93 30 37.5 1 SAB0652 2 23.48 6.94 5 15.0 1 
MRER07a769 2 58.42 6.27 10 3.0 1 SAB0653 3 16.44 5.10 5 15.0 0 
MRER07a770 1 54.76 6.74 10 3.0 0 SAB0654 2 20.61 4.08 10 15.0 1 
MRER07a771 2 51.05 3.47 20 37.5 0 SAB0655 3 19.67 4.69 5 15.0 1 
MRER07a772 1 51.76 2.89 10 15.0 0 SAB0656 3 13.56 6.34 30 15.0 1 
MRER07a773 3 50.97 1.70 10 3.0 0 SAB0657 1 27.18 8.04 10 15.0 0 
MRER07a774 1 52.97 2.45 10 3.0 0 SAB0658 2 23.23 6.95 8 15.0 1 
MRER07a775 1 59.16 2.98 0 0.0 0 SAB0659 2 32.94 10.10 1 15.0 1 
MRER07a776 2 53.85 3.04 20 15.0 0 SAB0660 2 35.48 13.46 15 37.5 1 
MRER07a777 2 52.89 3.68 30 37.5 1 SAB0661 2 31.96 9.40 25 15.0 1 
MRER07a778 2 47.86 3.34 10 15.0 1 SAB0662 2 36.45 12.38 3 15.0 1 
MRER07a779 2 50.14 3.98 10 15.0 1 SAB0663 2 32.72 11.52 15 15.0 1 
MRER07a780 1 52.76 3.25 0 0.0 0 SAB0664 3 28.05 11.63 15 37.5 1 
MRER07a781 3 60.25 5.36 10 15.0 0 OKA08901 3 30.71 9.54 10 3.0 0 
MRER07a782 3 49.18 4.34 0 0.0 0 OKA08902 1 40.90 9.19 20 3.0 0 
MRER07a783 2 48.97 4.93 0 0.0 0 OKA08903 3 31.67 9.84 10 15.0 0 
MRER07a784 2 50.13 3.91 0 0.0 0 OKA08904 1 27.94 10.03 10 3.0 0 
MRER07a785 3 51.53 2.61 0 0.0 0 OKA08905 3 28.75 11.82 10 3.0 0 
MRER07b801 1 49.07 24.57 60 87.5 0 OKA08906 1 24.52 11.16 10 3.0 0 
MRER07b802 1 51.47 16.56 50 62.5 0 OKA08907 3 37.25 7.76 5 15.0 0 
MRER07b803 1 49.70 17.80 70 62.5 0 OKA08908 3 32.37 7.59 20 15.0 0 
MRER07b804 1 75.55 15.86 40 15.0 0 OKA08909 3 28.94 6.86 10 15.0 0 
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              PLANT GR. HUM. LIGHT HEIGHT COVER APHIDS PLANT GR. HUM. LIGHT HEIGHT COVER APHIDS 
MRER07b805 2 67.73 10.76 40 15.0 0 OKA08910 3 35.81 8.99 10 15.0 0 
MRER07b806 1 68.00 14.77 30 15.0 0 OKA08911 3 38.65 8.55 10 3.0 0 
MRER07b807 2 68.06 18.20 40 37.5 0 OKA08912 3 39.32 8.88 10 15.0 0 
MRER07b808 2 68.70 16.98 60 37.5 0 OKA08913 3 37.21 8.61 10 37.5 0 
MRER07b809 2 58.41 19.17 20 15.0 0 OKA08914 3 36.48 8.99 30 37.5 0 
MRER07b810 1 65.06 18.13 30 15.0 0 OKA08915 3 37.19 8.09 40 62.5 0 
MRER07b811 1 76.19 20.00 20 37.5 0 OKA08916 3 35.13 7.48 20 15.0 0 
MRER07b812 1 81.99 20.21 70 37.5 0 OKA08917 3 32.06 8.23 50 62.5 0 
MRER07b813 3 62.87 17.29 90 37.5 0 OKA08918 3 35.63 8.27 60 37.5 0 
MRER07b814 2 53.01 12.08 110 62.5 0 OKA08919 3 36.82 8.16 40 15.0 0 
MRER07b815 3 66.52 15.63 110 87.5 0 OKA08920 3 38.15 7.59 50 37.5 0 
MRER07b816 3 65.17 26.76 140 87.5 0 OKA08921 3 28.02 7.59 20 37.5 0 
MRER07b817 3 84.44 22.76 140 87.5 0 OKA08922 3 33.86 9.40 30 15.0 0 
MRER07b818 1 73.76 36.10 140 87.5 0 OKA08923 1 38.42 9.12 10 15.0 0 
MRER07b819 1 74.93 68.12 90 87.5 0 OKA08924 1 35.23 10.76 20 15.0 0 
MRER07b820 1 77.92 68.12 90 87.5 0 OKA08925 3 33.50 8.37 10 3.0 0 
MRER07b821 1 73.88 68.12 70 37.5 0 OKA08926 3 29.10 8.51 10 15.0 0 
MRER07b822 1 83.50 32.44 90 87.5 0 OKA08927 3 35.44 8.18 10 15.0 0 
MRER07b823 1 85.50 29.69 90 87.5 0 OKA10a203 2 69.54 17.92 30 62.5 0 
MRER07b824 1 81.56 36.96 60 87.5 0 OKA10a204 3 65.33 18.54 5 62.5 0 
MRER07b825 1 78.25 47.52 80 87.5 0 OKA10a205 2 65.03 16.97 40 62.5 0 
MRER07b826 2 72.04 48.14 70 87.5 0 OKA10a209 2 62.93 15.69 80 87.5 0 
MRER07b827 2 72.22 40.91 60 87.5 0 OKA10a210 2 60.43 13.77 30 62.5 0 
MRER07b828 3 67.96 49.69 90 87.5 0 OKA10a211 2 71.27 13.46 50 87.5 0 
MRER07b829 3 65.62 43.98 90 87.5 0 OKA10a212 2 66.14 13.64 40 62.5 0 
MRER07b830 3 80.42 52.07 100 87.5 0 OKA10a582 2 60.23 6.81 90 87.5 0 
MCG06139 3 46.09 2.60 15 62.5 1 OKA10a583 1 90.15 18.13 50 87.5 0 
MCG06140 1 54.41 2.81 25 87.5 0 OKA10a584 2 92.03 10.27 20 62.5 0 
MCG06141 1 56.67 4.32 30 87.5 0 OKA10a585 2 83.57 25.13 90 87.5 0 
MCG06142 1 63.98 7.31 30 87.5 0 OKA10a586 3 76.19 25.14 90 87.5 0 
MCG06143 1 62.12 6.87 50 87.5 0 OKA10a587 2 62.78 23.29 70 87.5 0 
MCG06144 1 58.32 6.21 45 87.5 0 OKA10a588 3 58.62 10.16 100 87.5 0 
MCG06145 1 56.75 5.13 50 87.5 0 OKA10a589 2 61.46 9.28 20 37.5 0 
MCG06146 2 52.76 5.93 50 87.5 0 OKA10a590 2 65.61 10.28 30 27.5 0 
MCG06147 3 42.40 5.93 45 87.5 0 OKA10a687 2 59.75 7.53 20 87.5 0 
MCG06148 3 37.51 5.92 30 87.5 0 OKA10a688 2 66.99 9.11 40 62.5 0 
MCG06149 3 38.89 5.06 20 62.5 1 OKA10a689 2 67.28 7.94 60 62.5 0 
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              PLANT GR. HUM. LIGHT HEIGHT COVER APHIDS PLANT GR. HUM. LIGHT HEIGHT COVER APHIDS 
MCG06150 3 36.87 4.20 15 37.5 0 OKA10a690 2 61.47 8.21 20 62.5 0 
MCG06151 2 43.49 2.94 15 37.5 1 OKA10a691 2 50.70 6.99 20 62.5 0 
MCG06152 2 40.42 4.20 15 62.5 1 OKA10a692 1 59.88 6.95 20 62.5 0 
MCG06153 2 39.25 5.47 10 37.5 1 OKA10a693 2 53.95 9.91 50 62.5 0 
MCG06154 3 32.36 9.24 45 87.5 0 OKA10a694 2 62.60 10.37 20 87.5 0 
MCG06155 3 34.13 10.40 35 62.5 0 OKA10a695 3 54.96 8.75 10 62.5 0 
MCG06156 3 29.34 7.83 25 37.5 1 OKA10a696 3 56.59 5.70 90 87.5 0 
MCG06157 2 29.92 5.00 30 37.5 1 OKA10a697 3 58.13 16.97 60 87.5 0 
MCG06158 2 26.41 4.80 20 37.5 1 OKA10a698 2 69.25 9.34 100 62.5 0 
MCG06159 2 28.33 3.60 15 15.0 1 OKA10a699 2 67.19 13.89 90 87.5 0 
MCG06160 2 28.54 3.00 10 15.0 1 OKA10a700 2 76.42 13.16 70 87.5 0 
MCG06161 2 30.13 2.80 15 15.0 1 OKA10b206 1 56.31 16.65 20 37.5 0 
MCG06162 3 31.75 2.41 30 62.5 1 OKA10b207 1 56.60 17.89 40 62.5 0 
MCG06163 2 37.22 3.01 25 62.5 1 OKA10b591 1 67.44 17.51 20 15.0 0 
MCG06164 2 35.24 6.92 15 37.5 1 OKA10b592 1 61.21 11.70 70 87.5 0 
MCG06165 2 37.30 3.97 35 62.5 1 OKA10b593 1 55.58 5.41 90 87.5 0 
MCG06166 2 34.59 4.41 20 37.5 1 OKA10b594 1 57.44 7.69 20 37.5 0 
MCG06167 2 40.03 4.23 20 87.5 1 OKA10b595 1 57.21 7.80 70 62.5 0 
MCG06168 2 41.59 7.20 25 87.5 1 OKA10b596 2 55.34 6.50 70 87.5 0 
MCG06169 2 43.76 4.26 20 62.5 1 OKA10b597 1 57.47 8.54 60 37.5 0 
MCG06170 2 42.26 2.78 25 62.5 1 OKA10b598 1 81.84 18.93 80 87.5 0 
MCG06171 2 40.28 3.87 25 62.5 1 OKA10b599 1 87.70 14.41 70 62.5 0 
MCG06172 2 52.39 5.19 20 62.5 1 OKA10b600 1 86.97 26.94 80 87.5 0 
MCG06173 2 60.88 7.81 40 87.5 1 OKA10b670 1 97.07 38.71 70 87.5 0 
MCG06174 2 60.71 11.30 25 87.5 1 OKA10b671 1 81.63 28.72 70 87.5 0 
MCG06175 2 57.93 9.78 25 87.5 1 OKA10b672 1 75.04 23.04 70 87.5 0 
MCG06176 2 56.12 12.47 20 87.5 1 OKA10b673 1 61.79 13.80 50 62.5 0 
MCG06177 2 55.08 11.38 30 62.5 1 OKA10b674 1 49.99 6.42 20 37.5 0 
MCG06178 2 54.09 9.19 40 87.5 1 OKA10b675 1 57.53 10.47 20 37.5 0 
MCG06179 2 50.23 6.58 35 62.5 1 OKA10b676 1 70.96 7.00 20 15.0 0 
MCG06180 3 32.10 2.61 5 15.0 1 OKA10b677 1 69.74 10.05 20 15.0 0 
MCG06181 2 34.19 4.62 15 37.5 1 OKA10b678 1 56.24 6.38 20 15.0 0 
MCG06182 1 45.02 4.62 10 62.5 0 OKA10b679 1 57.66 7.76 20 15.0 0 
MCG06183 1 44.96 4.02 15 62.5 0 OKA10b680 1 55.74 7.90 10 15.0 0 
MCG06184 1 54.92 7.23 30 87.5 0 OKA10b686 1 50.78 6.84 80 37.5 0 
MCG06185 1 54.60 5.22 35 87.5 0 OKA10b840 1 51.18 6.68 70 62.5 0 
MCG06186 1 49.11 5.60 15 87.5 0 OKA10b841 1 57.99 15.83 30 37.5 0 
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         PLANT GR. HUM. LIGHT HEIGHT COVER APHIDS PLANT GR. HUM. LIGHT HEIGHT COVER APHIDS 
MCG06187 1 43.48 4.00 25 87.5 0 OKA10b842 1 64.21 6.92 90 62.5 0 
MCG06188 2 51.60 4.20 25 87.5 0 OKA10b843 1 58.52 7.37 10 15.0 0 
MCG06189 2 48.17 3.99 30 87.5 0 OKA10b844 1 87.31 22.46 100 87.5 0 
MCG06190 1 50.86 5.79 30 87.5 0 OKA10b845 1 53.32 7.90 20 15.0 0 
MCG06191 1 54.19 5.98 30 87.5 0 MCGNAT799 NA 37.38 4.21 0 0.0 0 
MCG06192 2 54.03 6.15 30 87.5 1 MCGNAT800 NA 29.27 5.79 20 3.0 0 
MCG06193 2 62.22 6.34 35 87.5 1 MCGNAT801 NA 50.26 21.83 110 87.5 0 
MCG06194 2 56.26 6.92 40 87.5 1 MCGNAT802 NA 43.99 17.59 80 87.5 0 
MCG06195 2 54.37 6.13 35 87.5 1 MCGNAT803 NA 53.72 18.91 60 62.5 0 
MCG06196 2 47.32 5.13 25 87.5 1 MCGNAT804 NA 50.86 14.94 20 37.5 0 
MCG06197 2 45.22 6.72 15 87.5 1 MCGNAT805 NA 56.33 15.23 40 37.5 0 
MCG06198 2 40.90 6.72 10 87.5 1 MCGNAT806 NA 47.38 27.05 80 87.5 0 
MCG06199 2 40.81 7.91 25 62.5 1 MCGNAT807 NA 49.55 18.71 80 87.5 0 
MCG06200 3 33.42 6.90 15 62.5 0 MCGNAT808 NA NA NA 80 87.5 0 
MCG06201 2 32.78 8.09 15 87.5 1 MCGNAT809 NA 52.64 5.59 50 62.5 0 
MCG06202 2 31.77 8.28 15 87.5 1 MCGNAT810 NA 41.48 5.69 30 37.5 0 
MCG08501 1 45.26 5.72 5 87.5 0 MCGNAT832 NA 44.13 9.29 30 62.5 0 
MCG08502 1 47.99 5.15 5 87.5 0 MCGNAT998 NA 42.15 17.62 50 37.5 0 
MCG08503 1 43.17 5.81 10 37.5 0 MCGNAT999 NA 48.05 19.53 80 87.5 0 
MCG08504 1 48.41 5.53 10 87.5 0 MCGNAT1000 NA 50.59 18.45 40 87.5 0 
MCG08505 1 47.63 6.94 10 87.5 0 MCGNAT846 NA 46.11 14.25 20 15.0 0 
MCG08506 1 52.28 7.53 10 87.5 0 MCGNAT847 NA 46.57 14.61 30 15.0 0 
MCG08507 1 37.98 5.10 5 87.5 0 MCGNAT848 NA 42.51 17.36 60 62.5 0 
MCG08508 1 42.21 4.87 5 87.5 0 MCGNAT849 NA 46.43 19.40 60 37.5 0 
MCG08509 1 46.45 5.11 5 87.5 0 MCGNAT850 NA 42.82 16.01 20 15.0 0 
MCG08510 1 40.59 4.28 5 37.5 0 MCGNAT851 NA 45.57 13.86 40 15.0 0 
MCG08511 1 40.13 3.84 5 37.5 0 MCGNAT852 NA 46.53 13.72 30 15.0 0 
MCG08512 1 47.30 4.49 5 37.5 0 MCGNAT853 NA 49.41 17.13 50 37.5 0 
MCG08513 1 48.76 6.64 10 62.5 0 MCGNAT854 NA 43.34 16.32 70 62.5 0 
MCG08514 1 48.34 6.43 10 87.5 0 MCGNAT855 NA 50.76 6.25 50 37.5 0 
MCG08515 1 48.99 6.87 10 87.5 0 MCGNAT856 NA 46.45 14.60 50 37.5 0 
MCG08516 1 43.51 8.54 10 87.5 0 MCGNAT857 NA 42.03 20.38 80 62.5 0 
MCG08517 1 46.82 6.44 10 87.5 0 MCGNAT858 NA 49.57 14.03 80 62.5 0 
MCG08518 1 44.88 6.42 10 87.5 0 MCGNAT859 NA 43.42 17.52 40 87.5 0 
MCG08519 1 45.97 4.38 5 62.5 0 MCGNAT860 NA 46.90 13.81 10 15.0 0 
MCG08520 1 46.01 4.39 10 3.0 0 MCGNAT861 NA 49.74 19.16 30 37.5 0 
MCG08521 3 47.22 4.64 5 3.0 0 MCGNAT862 NA 50.24 15.06 30 15.0 0 
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MCG08522 1 43.22 4.31 10 62.5 0 MCGNAT863 NA 44.47 14.10 40 15.0 0 
MCG08523 1 44.53 5.50 10 3.0 0 MCGNAT893 NA 39.50 13.59 80 87.5 0 
MCG08524 2 44.47 4.96 5 62.5 0 MCGNAT894 NA 52.91 11.51 70 87.5 0 
MCG08525 1 49.13 6.19 10 3.0 0 MCGNAT895 NA 51.39 8.09 30 37.5 0 
MCG08526 1 46.03 5.54 10 3.0 0 MCGNAT896 NA 36.88 18.95 40 62.5 0 
MCG08527 1 46.09 6.26 0 0.0 0 MCGNAT988 NA 44.69 16.29 70 37.5 0 
MCG08528 1 53.43 7.59 10 87.5 0 MCGNAT989 NA 45.63 6.20 20 15.0 0 
MCG08529 1 51.57 7.01 10 87.5 0 MCGNAT990 NA 52.72 16.99 50 15.0 0 
MCG08530 1 48.34 7.56 5 37.5 0 MCGNAT991 NA 49.07 11.66 50 62.5 0 
MCG08531 1 51.49 4.27 5 62.5 0 MCGNAT992 NA 46.07 14.38 60 37.5 0 
MCG08532 1 52.26 3.95 5 3.0 0 MCGNAT993 NA 46.90 13.51 30 37.5 0 
MCG08533 1 53.14 4.67 30 87.5 0 MCGNAT994 NA 47.66 15.62 60 15.0 0 
MCG08534 1 51.37 4.46 5 62.5 0 MCGNAT995 NA 47.91 13.48 20 62.5 0 
MCG08535 1 52.34 5.50 5 3.0 0 MCGNAT996 NA 47.03 15.68 30 15.0 0 
MCG08536 1 53.28 5.83 5 62.5 0 MCGNAT701 NA 38.94 10.08 30 62.5 0 
MCG08537 1 52.22 7.69 10 37.5 0 MCGNAT702 NA 51.86 8.99 40 37.5 0 
MCG08538 1 50.68 7.69 20 37.5 0 MCGNAT703 NA 51.12 9.39 20 15.0 0 
MCG08539 1 50.20 7.27 10 87.5 0 MCGNAT704 NA 51.62 9.63 20 15.0 0 
MCG08540 1 52.70 4.17 5 62.5 0 MCGNAT705 NA 45.53 14.49 30 37.5 0 
MCG08541 1 53.03 4.48 5 3.0 0 MCGNAT706 NA 45.76 10.44 20 37.5 0 
MCG08542 1 63.81 4.59 5 3.0 0 MCGNAT707 NA 46.17 12.14 20 37.5 0 
MCG08543 2 46.38 6.43 5 15.0 0 MCGNAT708 NA 44.46 10.73 20 15.0 0 
MCG08544 1 48.43 6.94 0 0.0 0 MCGNAT709 NA 48.65 12.50 20 3.0 0 
MCG08545 3 49.61 6.76 5 37.5 0 MCGNAT710 NA 44.42 13.49 30 37.5 0 
MCG08546 2 47.47 3.69 20 3.0 0 MCGNAT711 NA 46.49 12.13 30 37.5 0 
MCG08547 1 47.28 4.63 5 62.5 0 MCGNAT712 NA 48.26 10.73 30 37.5 0 
MCG08548 1 47.65 4.70 20 3.0 0 MCGNAT713 NA 48.97 9.06 50 37.5 0 
MCG08549 2 42.99 4.67 40 62.5 0 MCGNAT714 NA 58.96 19.20 30 62.5 0 
MCG08550 1 44.84 3.91 5 87.5 0 MCGNAT715 NA 53.74 16.88 30 37.5 0 
MCG08551 3 46.17 4.48 20 87.5 0 MCGNAT716 NA 56.49 13.67 30 15.0 0 
MCG08552 3 47.13 5.09 30 87.5 0 MCGNAT717 NA 66.72 14.91 30 15.0 0 
MCG08553 2 49.74 4.57 10 62.5 1 MCGNAT718 NA 49.55 11.81 20 37.5 0 
MCG08554 3 46.30 5.61 20 87.5 0 MCGNAT719 NA 46.59 11.05 40 62.5 0 
MCG08555 1 49.99 4.49 20 87.5 0 MCGNAT720 NA 42.57 10.16 30 37.5 0 
MCG08556 1 51.66 5.64 20 87.5 0 MCGNAT721 NA 46.07 18.59 30 62.5 0 
MCG08557 1 53.93 4.94 20 87.5 0 MCGNAT722 NA 57.50 10.36 20 37.5 0 
MCG08558 1 50.45 5.22 20 87.5 0 MCGNAT723 NA 58.41 9.86 30 15.0 0 
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MCG08559 1 47.11 4.10 30 87.5 0 MCGNAT724 NA 40.51 11.68 60 62.5 0 
MCG08560 1 55.59 5.36 40 87.5 0 MCGNAT725 NA 53.43 26.81 30 37.5 0 
MCG08561 3 50.80 4.98 30 87.5 0 MCGNAT726 NA 46.01 11.05 30 37.5 0 
MCG08562 2 46.93 4.76 40 87.5 0 MCGNAT727 NA 46.67 16.09 40 15.0 0 
MCG08563 1 48.15 5.14 30 87.5 0 MCGNAT728 NA 55.70 19.28 30 37.5 0 
MCG08564 1 67.61 3.90 5 87.5 0 MCGNAT729 NA 49.41 24.17 10 3.0 0 
MCG08565 1 52.28 4.03 5 87.5 0 MCGNAT730 NA 51.34 23.75 50 15.0 0 
MCG08566 1 67.83 3.85 5 62.5 0 MCGNAT731 NA 51.89 25.50 30 37.5 0 
MCG08567 2 45.65 4.36 5 87.5 0 MCGNAT732 NA 44.34 27.09 60 37.5 0 
MCG08568 1 44.51 3.63 10 37.5 0 MCGNAT733 NA 46.74 10.75 30 15.0 0 
MCG08569 2 44.95 3.80 5 37.5 0 MCGNAT734 NA 33.38 8.17 20 15.0 0 
MCG08570 1 44.21 6.70 0 0.0 0 STBNAT935 NA 68.09 28.43 60 62.5 0 
MCG08571 2 47.68 5.95 0 0.0 1 STBNAT955 NA 68.64 26.15 25 62.5 0 
MCG08572 2 46.36 5.78 0 0.0 0 STBNAT956 NA 69.06 24.53 65 87.5 0 
MCG08573 1 50.32 7.01 5 87.5 0 STBNAT957 NA 62.28 25.73 60 62.5 0 
MCG08574 1 53.37 5.77 5 87.5 0 STBNAT958 NA 75.54 25.96 25 62.5 0 
MCG08575 1 51.09 9.86 5 87.5 0 STBNAT899 NA 64.44 29.14 80 62.5 0 
MCG08576 1 51.93 6.71 30 62.5 0 STBNAT544 NA 68.11 22.67 90 62.5 0 
MCG08577 1 52.20 9.25 10 87.5 0 STBNAT543 NA 59.20 23.41 100 87.5 0 
MCG08578 1 54.01 6.02 10 37.5 0 STBNAT542 NA 72.96 28.44 50 62.5 0 
MCG08579 1 65.13 4.32 20 87.5 0 STBNAT541 NA 67.65 23.72 100 62.5 0 
MCG08580 2 58.26 4.12 20 87.5 1 STBNAT545 NA 64.51 26.89 90 87.5 0 
MCG08581 1 70.62 6.75 40 87.5 0 STBNAT546 NA 65.82 23.73 80 87.5 0 
STB06615 1 65.68 11.86 44 15.0 0 STBNAT547 NA 67.04 32.95 80 87.5 0 
STB06616 2 77.96 16.21 50 37.5 0 STBNAT548 NA 71.48 32.95 140 87.5 0 
STB06617 1 85.97 14.51 35 15.0 0 STBNAT549 NA 67.22 NA 90 87.5 0 
STB06618 1 84.67 16.21 50 37.5 0 STBNAT550 NA 70.06 NA 140 87.5 0 
STB06619 1 88.00 15.42 41 37.5 0 STBNAT551 NA 68.85 NA 70 87.5 0 
STB06620 1 87.76 12.70 68 37.5 0 STBNAT552 NA 77.26 NA 110 87.5 0 
STB06621 1 87.29 16.73 30 37.5 0 STBNAT553 NA 79.15 NA 110 87.5 0 
STB06622 3 88.46 23.51 86 87.5 0 STBNAT554 NA 74.58 NA 80 87.5 0 
STB06623 1 87.68 27.38 58 37.5 0 STBNAT555 NA 70.56 NA 110 87.5 0 
STB06624 1 85.04 24.11 40 37.5 0 STBNAT556 NA NA NA NA NA 0 
STB06625 1 86.52 27.45 32 37.5 0 STPNAT864 NA 43.01 6.50 120 62.5 0 
STB06626 1 85.72 28.24 32 15.0 0 STPNAT865 NA 38.40 22.73 140 87.5 0 
STB06627 1 85.74 21.79 9 15.0 0 STPNAT866 NA 26.00 14.00 110 87.5 0 
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STB06628 1 86.77 23.64 2 15.0 0 STPNAT867 NA 28.50 12.40 120 62.5 0 
STB06629 1 86.48 28.93 NA NA 0 STPNAT868 NA 45.09 31.95 50 87.5 0 
STB06630 1 88.03 31.79 30 15.0 0 STPNAT869 NA 33.52 12.41 40 62.5 0 
STB06631 1 88.65 35.00 56 15.0 0 STPNAT870 NA 46.51 15.18 40 62.5 0 
STB06632 3 68.86 40.50 57 87.5 0 STPNAT871 NA 44.53 18.16 70 62.5 0 
STB06633 3 68.47 36.56 58 87.5 0 STPNAT872 NA 51.78 18.45 60 87.5 0 
STB06634 1 77.59 26.88 60 62.5 0 STPNAT873 NA 42.69 15.80 20 15.0 0 
STB06635 1 77.27 22.22 88 87.5 0 STPNAT874 NA 41.36 14.95 40 37.5 0 
STB06636 1 76.06 20.79 68 62.5 0 STPNAT875 NA 38.96 17.44 50 62.5 0 
STB06637 1 76.42 20.43 51 37.5 0 STPNAT876 NA 44.17 11.87 50 15.0 0 
STB06638 1 77.25 23.30 78 62.5 0 STPNAT877 NA 42.92 21.14 40 87.5 0 
STB06639 1 76.99 28.32 40 15.0 0 STPNAT878 NA 68.18 9.29 30 62.5 0 
STB06640 1 68.39 37.28 40 87.5 0 STPNATN1 NA 26.02 35.37 70 87.5 0 
STB06641 1 66.72 41.22 63 62.5 0 MRERNAT1 NA 50.78 25.42 90 87.5 0 
STB06642 1 67.49 35.97 78 87.5 0 MRERNAT2 NA 68.27 15.35 40 37.5 0 
STB06643 1 65.69 35.13 75 87.5 0 MRERNAT3 NA 62.49 20.40 100 87.5 0 
STB06644 3 66.36 24.10 50 87.5 0 MRERNAT4 NA 60.73 28.80 110 87.5 0 
STB06645 1 66.15 4.14 8 3.0 0 MRERNAT5 NA 59.88 9.16 90 87.5 0 
STB06646 1 65.27 4.46 1 3.0 0 MRERNAT6 NA NA NA 80 87.5 0 
STB06647 1 66.11 4.46 11 15.0 0 MRERNAT7 NA NA NA 80 87.5 0 
STB06648 1 65.66 4.75 7 15.0 0 MRERNAT8 NA 58.31 24.08 70 87.5 0 
STB06649 1 65.62 5.70 30 15.0 0 MRERNAT9 NA 59.48 47.73 80 87.5 0 
STB06650 1 66.91 7.57 37 37.5 0 MRERNAT10 NA NA NA 110 87.5 0 
STB06651 1 65.82 9.15 24 15.0 0 MRERNAT11 NA NA NA 110 87.5 0 
STB06652 1 64.76 8.20 33 37.5 0 MRERNAT12 NA NA NA 120 87.5 0 
STB06653 1 65.91 8.20 32 15.0 0 MRERNAT13 NA 50.93 14.93 70 87.5 0 
STB06654 1 64.55 9.78 52 37.5 0 MRERNAT14 NA 59.41 3.28 20 15.0 0 
STB06655 1 66.14 11.04 55 37.5 0 MRERNAT15 NA 50.64 3.38 10 15.0 0 
STB06656 1 51.89 28.40 100 87.5 0 MRERNAT16 NA 46.36 20.17 70 87.5 0 
STB06657 1 64.88 12.62 60 37.5 0 MRERNAT17 NA 43.15 20.73 130 87.5 0 
STB06658 1 67.00 12.62 46 37.5 0 MRERNAT18 NA 56.52 14.95 20 62.5 0 
STB06659 2 65.35 13.25 55 62.5 0 MRERNAT19 NA 53.78 9.82 70 87.5 0 
STB06660 1 65.90 15.14 66 87.5 0 MRERNAT21 NA NA NA 140 87.5 0 
STB06661 1 85.28 7.64 18 15.0 0 MRERNAT22 NA 46.07 26.28 130 87.5 0 
STB06662 1 86.51 10.91 20 15.0 0 MRERNAT23 NA NA NA 110 87.5 0 
STB06663 1 86.62 17.09 40 15.0 0 MRERNAT24 NA NA NA 110 87.5 0 
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STB06664 1 84.94 30.06 34 15.0 0 MRERNAT925 NA 40.17 7.61 40 37.5 0 
STB06665 1 85.08 22.18 30 15.0 0 MRERNAT926 NA 65.65 8.98 60 62.5 0 
STB06666 1 87.05 30.91 34 37.5 0 MRERNAT927 NA 54.04 19.71 80 87.5 0 
STB06667 1 88.04 43.64 13 15.0 0 MRERNAT928 NA 54.32 14.75 40 87.5 0 
STB06668 1 87.47 44.89 9 37.5 0 MRERNAT929 NA 48.26 31.67 50 87.5 0 
STB06669 1 86.77 50.55 10 62.5 0 MRERNAT930 NA 46.61 27.63 80 87.5 0 
STB06670 1 85.08 45.62 32 37.5 0 MRERNAT931 NA 46.38 33.47 80 62.5 0 
STB06671 1 86.73 39.42 75 37.5 0 MRERNAT932 NA NA NA 90 87.5 0 
STB06672 1 86.77 53.82 70 62.5 0 MRERNAT933 NA NA NA 110 87.5 0 
STB06673 2 87.11 60.36 75 87.5 0 MRERNAT934 NA 38.90 16.27 110 62.5 0 
STB06674 2 88.00 65.33 38 62.5 0 MRERNAT833 NA 44.49 13.20 60 62.5 0 
STB06301 1 84.29 24.62 45 15.0 0 MRERNAT834 NA NA NA 80 87.5 0 
STB06302 1 83.15 30.62 10 15.0 0 MRERNAT835 NA NA NA 50 87.5 0 
STB06303 1 84.50 31.40 8 3.0 0 MRERNAT836 NA 57.40 9.59 30 37.5 0 
STB06304 3 84.47 29.12 50 37.5 0 MRERNAT837 NA 49.28 17.61 50 87.5 0 
STB06305 3 65.19 24.43 65 62.5 0 MRERNAT838 NA 66.10 6.69 50 87.5 0 
STB07701 2 69.78 23.73 80 87.5 1 MRERNAT839 NA 63.23 13.41 50 15.0 0 
STB07702 2 72.78 24.74 80 62.5 0 MRERNAT936 NA 55.39 8.16 30 87.5 0 
STB07703 2 67.91 27.95 90 87.5 1 MRERNAT937 NA 51.22 15.46 90 87.5 0 
STB07704 2 74.14 32.64 90 87.5 1 MRERNAT938 NA 44.03 8.92 50 62.5 0 
STB07705 2 77.83 28.91 80 87.5 0 MRERNAT939 NA 48.26 13.53 50 37.5 0 
STB07706 3 67.17 30.48 110 87.5 1 MRERNAT940 NA 47.68 17.36 60 62.5 0 
STB07707 3 69.31 30.27 90 87.5 1 MRERNAT941 NA 41.15 19.87 50 62.5 0 
STB07708 1 65.75 35.17 90 87.5 0 MRERNAT942 NA 42.38 15.19 50 37.5 0 
STB07709 1 66.84 34.24 80 87.5 0 MRERNAT943 NA 45.26 19.96 60 62.5 0 
STB07710 1 64.99 34.85 140 62.5 0 MRERNAT944 NA 37.88 19.41 50 62.5 0 
STB07711 1 73.06 31.93 130 87.5 0 MRERNAT945 NA 44.86 15.48 50 62.5 0 
STB07712 1 76.08 32.86 90 87.5 0 MRERNAT946 NA 42.03 23.44 90 87.5 0 
STB07713 1 72.33 29.26 100 87.5 0 MRERNAT947 NA 56.86 8.87 60 15.0 0 
STB07714 1 74.52 30.79 110 87.5 0 MRERNAT948 NA 50.38 9.53 30 62.5 0 
STB07715 1 69.75 34.20 120 87.5 0 MRERNAT949 NA 67.12 9.28 10 62.5 0 
STB07716 1 86.51 10.91 130 87.5 0 MRERNAT950 NA 50.32 10.54 30 62.5 0 
STB07717 1 86.62 17.09 130 87.5 0 MRERNAT951 NA 69.51 26.63 110 87.5 0 
STB07718 1 84.94 NA 130 87.5 0 MRERNAT952 NA 70.61 19.65 100 87.5 0 
STB07719 1 85.08 22.18 130 87.5 0 MRERNAT953 NA 68.59 20.78 110 87.5 0 
STB07720 1 87.05 30.91 130 87.5 0 MRERNAT954 NA 63.16 22.51 120 87.5 0 
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              PLANT GR. HUM. LIGHT HEIGHT COVER APHIDS PLANT GR. HUM. LIGHT HEIGHT COVER APHIDS 
STB07721 1 88.04 43.64 130 87.5 0 MRERNAT601 NA 49.20 12.30 10 87.5 0 
STB07722 1 87.47 44.89 130 87.5 0 MRERNAT900 NA 68.40 5.98 80 62.5 0 
STB07723 2 86.77 50.55 130 87.5 0 MRERNAT959 NA 44.57 19.48 50 87.5 0 
STB07724 1 85.08 45.62 130 87.5 0 MRERNAT960 NA 49.91 17.20 70 87.5 0 
STB07725 2 86.73 39.42 130 87.5 0 MRERNAT961 NA 35.38 9.07 40 62.5 0 
STB07726 2 86.77 53.82 130 87.5 0 MRERNAT962 NA 49.74 9.96 40 15.0 0 
STB07727 2 87.11 60.36 130 87.5 0 MRERNAT963 NA 43.15 13.03 30 62.5 0 
STB07728 3 65.40 27.44 110 87.5 0 MRERNAT964 NA 41.34 21.65 80 87.5 0 
STB07729 2 49.03 25.32 90 87.5 0 MRERNAT965 NA 40.88 16.77 100 87.5 0 
STB07730 2 52.89 16.79 90 87.5 1 MRERNAT966 NA 40.94 20.99 100 87.5 0 
STB07731 2 49.11 16.79 120 87.5 1 MRERNAT967 NA 45.55 19.74 50 62.5 0 
STB07732 2 71.50 22.89 120 87.5 1 MRERNAT968 NA 48.38 39.18 70 62.5 0 
STB07733 2 62.87 22.89 120 87.5 1 MRERNAT969 NA 48.59 11.90 40 15.0 0 
STB07734 2 60.31 29.63 120 87.5 1 MRERNAT970 NA 46.80 9.73 30 15.0 0 
STB07735 3 76.20 35.29 120 87.5 1 MRERNAT971 NA 65.03 11.13 50 15.0 0 
STB07736 1 67.86 35.29 110 87.5 0 MRERNAT972 NA 52.18 11.69 30 87.5 0 
STB07737 1 72.11 29.57 110 87.5 0 MRERNAT973 NA 57.55 15.91 50 87.5 0 
STB07738 1 73.35 25.98 110 87.5 0 MRERNAT974 NA 53.81 18.79 60 87.5 0 
STB07739 1 69.06 22.68 100 87.5 0 MRERNAT975 NA 70.13 12.24 20 3.0 0 
STB07740 2 67.82 16.82 100 87.5 0 MRERNAT976 NA 51.34 9.92 30 37.5 0 
STB07741 3 53.18 19.02 40 62.5 0 MRERNAT977 NA 56.93 12.03 30 62.5 0 
STB07742 2 60.27 19.43 90 62.5 0 MRERNAT978 NA 50.91 12.18 70 87.5 0 
STB07743 1 63.09 25.26 80 62.5 0 MRERNAT979 NA 53.14 7.51 20 15.0 0 
STB07744 2 55.80 25.97 80 62.5 0 MRERNAT980 NA 49.91 10.89 90 87.5 0 
STB07745 2 67.96 24.87 70 62.5 0 MRERNAT981 NA 53.64 18.53 30 87.5 0 
STB07746 3 68.65 25.51 100 87.5 0 MRERNAT982 NA 66.26 14.57 50 37.5 0 
STB07747 2 78.60 22.67 100 87.5 0 MRERNAT983 NA 43.72 24.50 40 62.5 0 
STB07748 1 76.90 25.57 110 87.5 0 MRERNAT984 NA 63.66 28.80 40 62.5 0 
STB07749 2 61.18 21.91 120 87.5 0 MRERNAT985 NA 46.88 34.22 80 87.5 0 
STB07750 3 57.52 25.52 120 87.5 0 MRERNAT986 NA 57.28 27.27 40 62.5 0 
STB07751 2 62.83 28.20 120 87.5 0 MRERNAT987 NA 43.71 10.86 30 15.0 0 
STB07752 2 61.68 26.30 120 87.5 0 MRERNAT879 NA 37.42 7.70 10 15.0 0 
STB07753 2 63.38 23.96 120 87.5 0 MRERNAT880 NA 47.93 9.27 30 62.5 0 
STB07754 2 65.19 17.71 120 87.5 0 MRERNAT881 NA 51.28 14.78 30 62.5 0 
STB07755 1 64.90 16.09 130 87.5 0 MRERNAT882 NA 51.82 12.37 30 87.5 0 
STB09609 2 55.71 20.36 120 87.5 1 MRERNAT883 NA 49.32 21.72 120 87.5 0 
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              PLANT GR. HUM. LIGHT HEIGHT COVER APHIDS PLANT GR. HUM. LIGHT HEIGHT COVER APHIDS 
STB09610 2 66.26 19.55 120 87.5 1 MRERNAT884 NA 53.74 19.63 120 87.5 0 
STB09611 2 69.67 20.40 120 87.5 1 MRERNAT885 NA 51.99 23.24 120 87.5 0 
STB09612 2 81.93 24.48 140 87.5 1 MRERNAT886 NA 63.89 25.05 80 87.5 0 
STB09613 2 63.57 25.45 140 87.5 1 MRERNAT887 NA 79.01 22.48 60 62.5 0 
STB09614 2 77.18 27.09 140 87.5 1 MRERNAT888 NA 73.54 17.03 40 37.5 0 
STB09615 3 68.93 20.05 70 37.5 0 MRERNAT889 NA 45.42 12.53 60 37.5 0 
STB09616 3 77.88 18.16 80 62.5 0 MRERNAT890 NA 47.97 35.93 100 87.5 0 
STB09617 2 67.71 13.59 120 87.5 0 MRERNAT891 NA 50.24 15.11 40 62.5 0 
STB09618 3 51.01 14.16 110 87.5 0 MRERNAT892 NA 54.01 18.03 60 62.5 0 
STB09619 3 64.38 19.39 90 87.5 0 MRERNAT897 NA 41.44 7.64 20 37.5 0 
STB09620 3 60.89 21.58 70 87.5 0 MRERNAT898 NA 39.48 7.71 20 15.0 0 
STB09621 3 55.77 17.07 70 37.5 0 MRERNAT605 NA 46.76 7.08 40 37.5 0 
STB09622 3 55.51 16.08 70 62.5 0 MRERNAT606 NA 52.84 5.67 40 15.0 0 
STB09623 2 60.85 17.39 40 62.5 0 MRERNAT607 NA 56.60 46.07 80 87.5 0 
STB09624 3 79.57 15.29 150 87.5 0 MRERNAT608 NA 52.45 32.64 90 87.5 0 
STB09625 3 62.24 15.36 130 87.5 0 MRERNAT609 NA 51.01 13.96 30 15.0 0 
STB09626 3 67.11 22.09 110 87.5 0 MRERNAT610 NA 50.57 11.13 20 3.0 0 
STB09627 2 51.51 27.79 60 62.5 1 MRERNAT611 NA 53.26 11.62 40 37.5 0 
STB09628 2 43.26 23.50 90 87.5 1 MRERNAT612 NA 50.55 9.92 40 62.5 0 
STB09629 2 52.45 26.29 50 37.5 1 MRERNAT613 NA 42.46 14.80 70 87.5 0 
STB09630 3 71.85 22.12 50 62.5 0 MRERNAT614 NA 64.91 8.39 50 62.5 0 
STB09631 3 71.34 26.69 110 62.5 0 MRERNAT615 NA 61.33 10.23 40 15.0 0 
STB09632 3 62.97 31.10 90 87.5 1 MRERNAT616 NA 51.72 9.75 30 62.5 0 
STB09633 1 67.00 21.20 80 37.5 0 MRERNAT617 NA 66.92 32.08 70 87.5 0 
STB09634 2 57.84 20.49 80 62.5 1 MRERNAT618 NA 58.10 32.08 70 87.5 0 
STB09635 3 51.78 28.49 80 87.5 0 MRERNAT619 NA 58.93 28.26 60 87.5 0 
STB09636 2 67.95 27.84 100 87.5 1 MRERNAT620 NA 52.34 14.02 30 62.5 0 
STB09637 2 56.37 28.88 100 87.5 1 MRERNAT621 NA 62.78 15.29 30 37.5 0 
STB09638 3 61.74 29.70 100 87.5 0 MRERNAT622 NA 66.12 20.68 20 87.5 0 
STB09639 3 67.92 26.17 60 37.5 0 MRERNAT623 NA 50.07 10.78 40 87.5 0 
STB09640 3 69.55 26.96 50 62.5 0 MRERNAT624 NA 49.11 23.45 40 62.5 0 
STB09641 3 58.61 23.42 50 15.0 0 MRERNAT625 NA 46.13 25.00 40 15.0 0 
STB09642 3 65.40 23.81 40 37.5 0 MRERNAT626 NA 53.35 NA 20 62.5 0 
STB09643 3 61.21 27.71 75 62.5 0 MRERNAT627 NA 53.53 NA 10 15.0 0 
      




Results of ANOVAs (Soil water content, available light, competition) and χ2 analyses (Aphid attacks) for the comparison of 
environmental conditions between survival groups. 
 
  F/χ2 DF DDF p 
ANOVA 1: All sites     
SOIL WATER CONTENT 30.9864 2 599 < 0.0001 
AVAILABLE LIGHT 0.2605 2 598 0.7708 
COMPETITION 6.5162 2 597 0.0016 
APHID ATTACKS 38.599 1 342 < 0.0001 
ANOVA 2: No marsh-like sites     
SOIL WATER CONTENT 8.6284 2 449 0.0002 
AVAILABLE LIGHT 20.2832 2 449 < 0.0001 
COMPETITION 12.4201 2 448 < 0.0001 






Results of ANOVAs for the comparison of vigour variables between transplanted and wild individuals.  
 
  F DF DDF p 
HEIGHT 84.0306 1 339 < 0.0001 
TOTAL SHOOTS 8.5976 1 347 0.0036 
FRUITING SHOOTS 37.0878 1 377 < 0.0001 
F:T RATIO 125.1460 1 347 < 0.0001 
AGE (all transplants) 39.2491 1 630 < 0.0001 









En plus des expériences de germination présentées au chapitre 2, des tests de germination in 
situ et sur différents sols issus des populations réintroduites et sauvages ont été mises sur pied, 
mais ne se sont pas avérées concluantes. Cette annexe présente un survol de ces expériences et 
des conclusions qui peuvent néanmoins en être tirées.   
 
F1 – Tests préliminaire de germination in situ du carex faux-lupulina 
 
Objectif global 




1- Déterminer la distance à la rive permettant la germination du carex faux-lupulina 




Au cours de cette expérience, 108 réplicats de dix semences scarifiées de carex faux-lupulina 
ont été placées dans des enclos circulaires de plastique d’environ 15 cm de diamètre et 
dépassant du sol de 3 cm (10 semences par enclos ; fendus pour permettre l’évacuation d’eau), 
dans des enclos quadrangulaire de plastique d’environ 3 cm de diamètre et dépassant du sol de 
1 cm (1 semence par enclos ; lot de 10 enclos plantés à proximité les uns des autres) ou dans 
des sachets de moustiquaire d’environ 5 cm x 5 cm en aluminium ou en plastique retenus au 
sol par une tige de bois (10 semences par sachet ; Fig. F1).  
Ces différents systèmes de retenu des semences ont ensuite été placés le long de 
transects perpendiculaires à la rive, distants d’environ 30 mètres les uns des autres, à la réserve 
écologique Marcel-Raymond. Chaque transect contenait trois quadrats, placés respectivement 
à 0 m, 10 m et 20 m d’une ligne imaginaire représentant l’emplacement des plants sauvages 





Figure F1. Systèmes de retenu des semences employés lors du test préliminaire de germination in situ 
du carex faux-lupulina. 
 	
Les semences ont été plantées le 24 juillet 2014, dès le retrait des eaux de la rivière 
Richelieu. Chaque quadrat a été décrit en terme de teneur en eau du sol, de lumière disponible 
et de compétition. La végétation était rabattue de chaque quadrat avant l’ensemencement. La 
germination des semences était vérifiée hebdomadairement, et la compétition était retirée à 
chaque visite. 
 
Résultats et conclusions 
Le 2 septembre 2014, aucune semence n’avait germé. La plupart des semences avaient été 
perdues de vue, souvent tombées dans des espaces formés aux abords des enclos. Seules les 
semences dans les sachets de moustiquaires n’ont jamais été perdues. Ces semences dans ces 
sachets semblaient toutefois assez sèches, ce qui laisse croire que les sachets n’étaient pas 
retenus assez fermement sur le sol pour permettre aux semences d’en absorber l’humidité. En 
général, les sachets de moustiquaire en aluminium semblaient permettre à plus d’eau 
d’atteindre les semences que les sachets de moustiquaire en plastique.  
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 Il a été constaté qu’en général, les quadrats à 20 m de la rive semblaient trop secs pour 
la germination de l’espèce, les semences restant d’une couleur pâle même après plusieurs 
semaines.  
 Ainsi, dans des tests de germination in situ futur pour le carex faux-lupulina, des 
sachets d’aluminium devraient être utilisés, mais une attention particulière devrait être portée à 
leur contact avec le substrat. Les semences risquent de germer en plus grand nombre à 
proximité des plants sauvages.  
 
F2 – Effet du substrat sur la germination du carex faux-lupulina   
 
Objectif  
Déterminer l’effet de différents types de substrats sur la germination du carex faux-lupulina. 
 
Méthodologie  
Des échantillons de sol ont été collectés dans cinq sites de réintroduction et dans quatre 
populations sauvages le long de la rivière Richelieu en septembre 2014 et ont été congelés  
(-10 °C) à l’intérieur de 12 heures. Chaque échantillon consistait en cinq litres de sol de 
surface (profondeur maximale de 5 cm). La végétation de surface était retirée avant la collecte 
des échantillons. Les échantillons ont été décongelés et homogénéisés avant les expériences, 
mais leur humidité le a été conservée pour éviter d’en changer la composition physico-
chimique. La composition de chaque échantillon a été déterminée par AgriDirect (Longueuil, 
Québec). Une couche d’un centimètre des différents échantillons a été placée dans 27 plats de 
Pétri (trois réplicats par échantillon de sol). Un terreau horticole (Berger® BM6) a été utilisé 
comme contrôle, pour un total de dix types de sol. Après le retrait manuel des semences de 
leur périgyne, 50 semences ont été semées dans chaque plat de Pétri. Les réplicats ont été 
divisés en trois blocs randomisés et placés dans les serres du Jardin botanique de Montréal. 
Les conditions des serres, les dates d’ensemencement et de fin d’expérience, de même que la 
fréquence des suivis étaient les mêmes que pour l’expérience sur l’intensité lumineuse 
présentée au chapitre 2 du présent mémoire. Les espèces compétitrices germant dans les plats 




Résultats et conclusions 
Les taux de germination finaux variaient entre 45% et 64% dépendamment de l’origine du 
substrat (Fig. F2). Un effet de l’origine du substrat a été observé (F = 7.0392, p = 0.0002). 
Huit des dix sols ont permis des taux de germination statistiquement égaux. Les semences 
mises à germer sur du sol récolté dans la population sauvage de St-Blaise ont 
significativement moins germé que les semences mises à germer sur les cinq sols ayant permis 
les meilleurs taux de germination, ce qui est étonnant puisqu’il s’agit d’un site où des plants y 
ont germé naturellement. 
Les semences mises à germer sur le terreau horticole sont celles qui ont le moins 
germé, ce qui est difficile à expliquer considérant que des substrats horticoles ont permis des 
taux de germination élevés par le passé (89%; Letendre et al. 2008). 
Il semble donc qu’en général, le substrat n’ait que peu d’effet sur la germination du 
carex faux-lupulina. Les sols des différents sites de réintroduction devraient par conséquent 





Figure F2. Taux de germination moyens des semences de carex faux-lupulina au fil du temps sur des 
sols issus de dix origines différentes. Les traitements partageant une même lettre ne sont pas 
statistiquement différents (Test de Tukey, p < 0.05). Voir le tableau I du chapitre 3 pour la description 
des codes des sites de réintroduction et des sites sauvages. 	
